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INTRODUCTION 
The recent availability of adrenocorticotrophic hormone (ACTH) and 
17-hydroxy-ll-d8Qydrocor ticosterone (corti sone) has made possi ble a more 
careful analysi s of adrenal cortical effects upon immunological proces-
ses. The literature is quite contradictor,y concerning the role of the 
adrenal cortex on antibody synthesis, anamnestic responses, and skin 
sensiti vity (both the delayed and immediate types). The series of 
exper iments reported here describes the effects of cortisone and DCA 
(desoxycorticosterone acetate) on circulating antibody levels and skin 
sensiti vity produced by a specifi c immunological system. Intact rabbits 
were sensitized with purified di phtheria toxoid incorporated into an 
adjuvant, because high degrees of dermal sensitivity as well as high 
levels of circulating antibody could be developed. An .attempt was made 
to elucidate the relationship between dermal sensitivity of the delayed 
allergic type, and immuni ty as measured by serum antibody levels. 
Changes observed were correlated with physiological changes brought 
about by the hormones or by the experimental procedures used. In addi-
ti~n, hematological, biochemical, and weight data were recorded to show 
the animal response to DCA or cortisone. 
REVIEW OF THE LITERATURE 
The relations of the adrenal glands to the defensive mechanisms or 
the body, especially against infectious diseases, intoxications, and 
environmental stresses, ha1ebeen established generally from physiologi-
cal and morphological studies. Pathologists have long suspected the 
active participation of the adrenal cortex in these circumstances. 
Hyperemia, hemorrhage, edema, and fecal necrosis of the adrenal cortex 
occur following extensive burns, chemical or food poisonings, and acute 
infections. Thus Roux and Yersin ( 138) noted hemorrhagic adrenal cor-. 
tices in guinea pigs killed with diphth·eria. toxin. Dietrich (36) COJn-
pared normal adrenals with those of infected individuals by detailed 
autopsies of soldiers killed sudd~ and those dying of wound infec-
tions. He pointed out that every septic condition observed was associ-
ated with marked edema of the adrenal cortex and diffuse regression of' 
the lipoid material. Adrenal damage sustained in severe septicemia, 
especially meningococcemda, has provided a better known example of these 
pathological changes. Conversely, adrenalectomized animals and patients 
with Addison t s disease are ex.c eedingly sensitive to drugs, toxins, and 
stresses in amounts and degree generally innocuous to the normal indivi-
dual. 
A precise description of the role of the adrenal cortex in immune 
mechanisms has been delayed and partially obscured by the numerous early 
studies that have been carried out in adrenalectomized animals. As 
early as 1896 unilaterally adrenalectomized guinea pigs were tested £or 
resistance to bacterial infection (96). It Was not until 1920 that 
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techniques were developed which allowed survival of adrenalectomized 
animals. In such studies difficulties were encountered in prolonged 
maintenance of animals and in determining whether lack of epinephrine 
or one or more cortical hormones were responsible for experimental find-
ings. It was also found that data was of doubtful significance unless 
necropsies following experL~entation showed no cortical regrowth or cor-
tical "rests •" Hektoen and Curtis ( 73) removed the adrenals from dogs 
during immunization, and from dogs in which the antibody curve was at 
its maximum, and found no change in the curve followed. Gates (56) 
studied the effects of partial adrenalecto~ in rabbits and guinea pigs, 
and showed no difference in their ability to form h~olysins and agglu-
tinins. Bijlsma (8) confirmed Gates' .findings in unilateral adrenalec-
tomized rabbits. KhorasG (91) arrived at the same conclusions utilizing 
rats. This work was confirmed more recently by Thatcher et !! (163) and 
Craddock et al (27), utilizing adrenalectomized cats maintained on DCA, 
and Eisen et al (45), utilizing adrenalectomized rats. Thatcher's and 
Cr&ddeck's groups found that adrenalectomy in cats did not affect the 
ability of the animals to synthesize antibody to sheep cells. Eisen and 
co-workers found no difference in the capacity of adrenalectomized rats 
to form agglutinins or hemolysins as compared to normal animals, but 
demonstrated a suppression in precipitin formation by the operated ani-
mals which was "probably significant." Perla and Marmorston-Gottesman 
(125) also reported that adrena.leetomized rats failed to produce hemol.y-
sins. On the other hand, Take and Marine (161) found that rabbits th&t 
survived adrenalectomy have higher hemolysin titers than normal. In a 
subsequent experimentJ Jaffe and Marine (85) found that rats immunized 
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with typhoid vaccine within three weeks following bilateral adrenalectomy 
had agglutinin titers averaging froa two to three times greater than 
those of controls. Six weeks after the operation no difference in the 
formation of agglutinins could be determined between normal and operated 
animals. Murphy and Sturm (120) more recently showed that adrenalectomized 
rabbits demonstrated hypertrophy of the lymphoid tissue. These animals 
produced antibody in amounts far in excess of that produced by intact ani-
mals. If adrenal cortieal hormones were given to prevent the lymphoid 
hypertrophy, there was no material difference in precipitin formation in 
the experimental or control animals. 
The pituitary-adrenal relationship was well known in earlier years; 
thus, it is no wonder that the pituitary's relationship to antibody for.-
ation was studied. Cushing (30) stated that hypophysectomized dogs were 
more susceptible to infection and their resistance to infection was dimi-
nished. Borchardt (16) found that the injection of pituitrin raised the 
agglutinating power in animals or man that had been immunized with 
typhoid. Cutler (31), in 1922, found that partial hypophysectomy did not 
affect the production or persistence of circulating antibodies. He was 
apparently not aware that animals could survive complete pituitary- abala-
tion. It was not until 1930 that this fact was demonstrated by Smith 
(150). Savino (139) reported that hypophysectomized dogs formed diph-
theria antitoxin more rapidly and in a greater concentration than did 
controls. Houssay (7S) attributed this either to the hypersensitivity 
of the anjmals, a slower absorption of the toxoid, or the effect of hypo-
thyroidism. In contrast to this finding, Ferrer-Zanchi (47) reported 
that he could find no difference in agglutination curves and maximal titers 
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in hypophysectomized dogs and in control animals which had received typhoid 
vaccine. Molomut (118) also found that hypophysectomized rats were able 
to produce antibodies to sheep cells, egg albumin, and horse serum to the 
same degree as unoperated animals. Gordon and Robson (61) in a study of 
the natural defensive responses in the blood of normal and hypophysec-
tomized rabbits reported that the complement titer, opsonic index, and 
bactericidal power of the serum was unaffected by removal of the gland. 
Prior to this study, Ecker and Rogoff (44) and other workers (87, 161) 
reported similar results in bilaterally adrenalectomized rabbits. However, 
Blanchard (11, 12, 13), in a series of papers, has shown that in adrenal-
ectomized rats and cats there is a marked drop in opsonic activity, which 
could be restored to normal with adrenal cortical extract. 
Aside from abalation experiments, the direct effect of epinephrine on 
the complanent titer and the formation of antibodies has been carr ied out 
by numerous workers (8, 80, 86). No appreciable effect upon the ability 
to produce hemolysins and agglutinins in the rabbit or opsonic properties 
of rabbit's blood were noted. A decrease in complement titer of guiaea 
pigs was reported by Pinner (128) after the administration of epinephrine. 
Perla and Marmorston found that epinephrine raised the antibQdy-forming 
capacity in adrenalectomized rats (124). 
Despite early pitfalls, the experimentation of Scott (144, 145) and 
of Jaffe (84),corroborated and extended by studies of others (5, 100, 1(17, 
108, 126, 161), has shown that adrenalectomized rats and rabbits are more 
susceptible to the effects of a wide variety of toxic substances incl~ding 
drugs, histamine1 bacterial vaccines, and toxins, and active bacterial 
infections. 
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The normal mechanism concerned with adrenal cortical ·secretion is 
based upon the elaboration of adrenocorticotrophic hormone, or ACTH, of 
the anterior pituitary gland. This hormone is secreted in greater than 
normal quantity following exposure of the organism to a wide variety of 
stimuli: inanition, excessive heat or cold, anoxia, trauma, fractures, 
hemorrhage, injections of bacterial toxins, toxic chemicals, foreign 
proteins, and a yariety of substances normally produced in the organism, 
for example, histamine, epinephrine, thyroxine, and estrogens (142). 
The increased release of adrenal corticoids, as a consequence of any one 
of these stimuli, has a common physiological basis, !•!•' its capacity 
to increase the output of ACTH. Thus an increased output of epinephrine 
in the normal individual will elevate the rate of release of pituitary 
ACTH and result in an increased rate of secretion of the hormones of tb~ 
adrenal cort~x. There is, therefore, an intimate physiological relation-
ship between the secretions of the two endocrine glands, which constitute 
the adrenal, namely the adrenal medulla and the adrenal cortex.. It is 
quite likely fram data established by earlier workers that either an 
increased immunity or an alteration in the allergic state following epi-
nephrine injection were a result in part of the increased concentration 
of circulating adrenal cortical steroid hormones, resulting from the 
ability of epinephrine to augment ACTH secretion. From the foregoing, 
it would appear that _any physiological process which contributes to the 
immune mechanism and is influenced or altered specifically by adrenal 
cortical secretion will also be affected by any one of a wide variety of 
stimuli which augment the pituitary-adrenal cortical activity. 
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The steroid hormones of the adrenal cortex affect a wide variety of 
metabolic phenomena aside from their contributions to immune mechaniams. 
It is well known that the hormones of 'the adrenal cortex alter water and 
salt metabolism, protein metabolism, and carbohydrate metabolism. In 
addition, it has also been stated that adrenal cortical· steroids contri-
bute to certain aspects of immune responses including the production of 
immune globulin, the development of phagocytic cells, and the increased 
resistance of tissues to penetration of foreign substances. 
Antibody Production and Maintenance 
vlliite and Dougherty and Chase have published a series of papers on 
the hormonal control of the synthesis, storage, and release of antibodies 
by ~phocytes. Their experiments and conclusions involve the following 
considerations: Lymphocytes of normal animals contain a protein identi-
cal with serum gamma globulin (41), and probably a second one identical 
.. , 
with serum beta globulin as determined by electrophoretic analysis (170). 
Hormonal control is important in the release of globulins because follow-
ing pituitary stimulation or administration of excese ACTH or adrenal 
cortical extract (ACE) to normal animals ~phocytes are dissolved in 
lymphoid tissue and in this way release globulin to the extent that a 
marked lymphopenia and an inc~ease in serum beta and gamma globulins 
occur in the blood (39, 40, 169). This same type of pituitary adrenal 
cortical control exists in immune animals except that some of the lympho-
cyte protein released by dissolution is antibody. Thus, previously 
immunized animals with no demonstrable circulating antibody (utilizing 
serial dilution methods) have antibody within their lymphocytes, and 
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show an anamnestic response after the administration of adrenal cortical 
extracts (3S, 41, 171). Further, if ACE is given concurrently with admi-
nistration of antigen (24) or given to hyperimmunized animals, an aug-
mentation of titer results. An increase in circulating antibody titer 
after administration of ACE to intact immunized animals has also been 
observed by Fox and Whitehead (51), Bussard ~.!:!: (19), and Bisset (9)., 
Utilizing serial dilution techniques, Hammond and Novak (6S) were able 
to show an anamnestic reaction when ACE was administered to rabbits 
immunized against sheep erythrocytes. Stoerk and Solotorovsky (158), 
utilizing quantitative techniques observed a small, temporary increase 
in circulating antibodies in response to adrenal cortical extract in 
previously :iJmnunized rabbits. On the other hand, the same investigators 
found that a single 10 mgm dose of cortisone was followed by a decrease 
in circulating antibodies. 
The conclusions drawn by Dougherty !l ~ have been questioned in 
part by recent investigators. Thus, Abrams and Cohen (2) were unable 
to find gamma globulin in lymphocytes !rom tonsils and thymuses. Nor 
were Li and Reinhardt (101) able to show increases in gamma globulin 
fractions of rat plasma examined electrophoretically after treatment of 
the hypophysectomized or normal rats with ACTH. Murphy and Sturm (120) 
reported lymphoid hyperplasia with a marked increase in antibody forma-
tion in adrenalectomized rabbits and concluded that ACE is not necessary 
for the release of antibodies from lymphocytes. Eisen !l!! (45) ques-
tiQned the relative significance af the increases in antibody production 
reported by Chase ~ a1 (24) following the simultaneous injection of ACE 
and antigen. They used quantitative methods and studied the effect or 
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ACE in adrenalectomized animals maintained on sodiwn chloride and DCA which 
was reported by Dougherty !i ~ (38) to have no effect on antibody levels. 
They found identical concentrations of antibodies and gamma globulin in 
adrenalectomized rats with or without repeated injections of adrenal cor-
tical extracts during immunization and conclude that adrenal cortical act-
ivity is not essential for the production or release of antibody. They 
did find in agreement 'With Chase .!!:. !! (24) that the administration of ACE 
to previously immunized animals sometimes results in an approximate 30 per 
cent increase in antibody N, which lasts about 12 hours, but they believe 
this to be a non-specific anamnestic response. 
In neither the cat nor the rabbit do single large doses of ACE influ-
ence the antibody content of serum (77), nor does ACE influence the anti-
body content of cell-free lymph fluid in the cat (28). Fischel et & (49), 
employing quantitative precipitin techniques, failed to find experimental 
evidence in support of the concept that the anamnestic response is a 
result of hyper-.ctivity of the adrenal cortex. Howard et al (79) ha•e 
--
found that antibody to pneumococcal polysaccharide was formed to the same 
titer and the same rate in controls and patients receiving ACTH or corti-
sone. This was true of both agglutination and mouse-protective antibody 
against Type 2 pneumococcus. De Vries, also usL11g quantitative methods, 
was unable to demonstrate an immediate effect of ACTH on pre-existing 
antibody levels in the rabbit (33). Other workers not employing quanti-
tative techniques have also found no changes in antibody levels measured 
from patients or animals. The following systems were utilized: hemolysins 
(67, 74, 89, 109, 120, 141); precipitins (7, ll9, 134., 173); agglutinins 
(1, 69, 114, lL~l ); hemagglutine.tion inhibition (81, 103 ); compl e::nen:'-
fixation (123, 166); and, isohemagglutination (141) and immobilizing 
antibody (166). 
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With the greater availability of corti sone and ACTH many more thor-
ough investigations were carr i ed out using quantitative methods. Germuth 
et al (57, 58, 59) studied the effects of both hormones on the circulat-
ing antibody levels in rabbits. When the hormones were administered at 
the onset of immunization, the ACTH treated animals showed one-third the 
anti body of the controls; whereas cortisone animals showed titers to egg 
albumin less than 5 per cent of the controls. If the hormones were admi-
nistered after the onset of immunization, a suppressive action on circu-
lating antibodies was noted. Further, they showed that cortisone had no 
effect on the rate of disappearance of circulating antibody in the pas-
sively immunized animals. Bjorneboe et al (10) and Fischel et al (50) 
-- --
confir med these findings in rabbits, using the pneumococcal system and 
quantitative agglutination techniques. 
Allergic Phenomena 
The laboratory studies of Rich and Gregory (135) suggested a relation-
ship between the hypersensitive state and the rheumatic diseases. Fur-
thermor e, a relationship between adrenal cortical function and hypersen-
sitivity has long been suspected ((126). The striking results obtained 
with ACTH and cortisone on rheumatic diseases and such obviously allergic 
. -
conditions as asthma have led to a great deal of research on the basic 
effects of these hormones on the hypersensitivity phenomena. 
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Anaphylaxis and visceral lesions in hypersensitive states 
Much of the evidence concerning the effects of cortisone and ACTH on 
the phenomena of anaphylaxis seems to indicate this process is not inhi-
bited by these agents. For example, Harris and Harris (69), Dworetzky ~ 
&1. (43), Malkiel (i06), Landau.!!:, al (95), and Dews and Code (35) found 
that cortisone did not prevent anaphylactic shock in guinea pigs sensitized 
' 
with horse serum, sheep serum, or egg white; nor were Leger et al (98), 
the Fried.landers (55), and Fischel (48) and others (35, 95, 106) able to 
alter the occurrenc e of these reactions by administration of ACTH. Cor-
tisane or ACTH did not prevent anaphylactic reactions ig vivo in passively 
sensitized guinea pigs (35, 95), or in vitro in actively or passively sen-
sitized guinea pigs (35, 95). 'Nelson {121) showed that if cortisone was 
I 
administered prior to or after the sensitizing injection to passively sen-
sitized guinea pigs, the hormone inhibited the response of smooth muscle 
of the small bowel to antigen in vitro, but failed to alter the sensiti-
zation of the uterine smooth muscle. However, Gray~ al (64) , treating 
~ctively sensitized guinea pigs with cortison~ found no effect on the ana-
phylactic response of isolated guinea pig ileum in vitro. Dews and Code 
·(34), giving large doses of cortisone to adrenalectomized ·rats during the 
time they were receiving sensitizing injections of hor·se serum, showed 
much milder symptoms and a lower mortality on anaphylactic shock than sim-
ilar rats not receiving cortisone. Cortisone given prior to the sh~ck-
producing dose of serum had little or no effect on the severity of the 
symptoms but greatly reduced the mortality. Arbesman (3) found inco~lete 
protection in guinea pigs from reversed Forsmann anaphylaxis and reversed 
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anaphylaxis with no effect in rabbit and chick embryo experiments. Nelson 
~ al (122) have shown that the administration of cortisone to sensitized 
intact mice 18 hours before the challenge dose of antigen prevented or 
diminished the severity of the reactions. Selye (147) reported that both 
corti sone and purifi ed ACTH inhibited the anaphylactoid reaction of the 
rat to the intraperitoneal administration of egg white. 
Rich and co-\'I"Orkers (6) have shown that when hypersensitivity was pro-
duced in rabbits with horse serum in a manner which had previously been 
shown to produce acute arteritis and cardiac inflammatory lesions, the 
cours e could be markedly altered by ACTH. In sensitized animals treated 
with the horrr~ne only 25 per cent of the animals showed such pathology as 
compared to 90 per cent of the control animals. While both cortisone and 
ACTH inhibited the development of cardiovascular lesions and the develop-
ment of proliferative glomerular lesions, cortisone alone produced severe 
glomerular daJIJage with hemorrhage similar to the acute phase of hemorrhagic 
glomerulonephri tis (133, 134). Cohen and Moses (25) noted that when corti-
sone was administered prior to and foll owing passive sensitization to horse 
serum, the lesions of arteritis in rabbits appeared to be modified though 
not completely suppressed. The lesions of panarteritis of the pulmonary 
arteries were not found and those of periarteritis appeared to be attenu-
ated. McLean et al (ill) found that cortisone in ~ dosage of 25 mgm 
daily caused complete suppression of arteri al and cardiac lesions in rab-
bits. They found that the effect of cortisone upon the serum-induced neph-
ritis was difficult to assess, since cortisone itself in this dosage caused 
renal glomerular damage; over and above this, cortisone did seem to depress 
the incidence and reduce the severity of endothelial proliferation changes 
in the kidney. Germuth (57) had found that in animals rendered hypersemiitive 
to egg albumin there were extensive vascular changes, consisting of focal 
fibrinoid degeneration, inflammation, and thrombosis of the smaller arter-
ies similar in all respects to those of periarteritis nodosa. In the 
hearts of control rabbits there were areas of myocarditis. These lesions 
were not observed in animals receiving ACTH or cortisone. Utilizing a dos-
age of 8 mgm daily of cortisone, Seifter et al (146) found that arteritis 
was prevented in 8 out of 9 rabbits treated with horse serum. On the other 
hand, glomerular nephritis was not prevented. DCA was without effect in a 
dosage of 5 or 10 mgm daily. 
Another allergic system, nephrotoxic nephritis, has been studied in 
rats in relation to cortisone administration by Knowlton and her co-worl(ere 
(93). No appreciable difference was noted in nephritis When cor tisone in a 
dosage of 5 and 2.5 mgm per day was administered, either before or concur-
rently with the nephrotoxic antibody. Hackel ~ & (66) reported similar 
results with ACTH. 
Arthus phenomena · 
A great many workers have studied this phenomena with essentially the 
same results (48, 57, 58, 59, 82, 94, 146, 164). Germuth et al (59) have 
. --
carried out the most complete quantitative study. They found that concur-
rent administration of cortisone at a daily dosage of 2 mgm per kgm to 
rabbits receiving daily intracutaneous injections of crystalline egg albu-
min produced marked inhibition of the development of the Arthus reac~ion. 
ACTH, when given at a similar dosage, produced a much less marked effect. 
There was a close correlation bet·ween the level of antibody nitrogen and 
the severity of the skin reaction. \Vhen treatment with cortisone was 
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started following sensitization, there was a rapid decline in circulating 
antibody and, if the pre-treatment serum antibody level was low, there was 
also a progressive d.ecre~se in skin reactivity. When the pre-treatment 
serum antibody concentration was high, so that by the termination o! treat-
ment the antibody concentration was still above the level sufficient for a 
maximal skin response (40 micrograms of antibody nitrogen per ml), the 
Arthus reaction was unaffected by treatment. The inhibition of the Arthus 
state by Compound E was only t .emporary. ~fuen treatment was discontinued, 
there was a gradual increase in the severity of the skin response and a 
concomitant rise in circulating antibody. These workers, in agreement 
rlith others (48, 82), have shown that during the passive Arthus reaction 
all animals reacted the same way and to the same degree, regardless of 
treatment, namely no blocking of the reaction. These data must be inte:i1-
preted as showing that ACTH and cortisone inhibit the production of anti-
bodies, and thereby prevent a reaction in an animal whose capacity to react 
to antigen-antibody combination in tissues is not altered. 
~ sensitivitz 
1. Immediate, histamine-like reactions: 
Rose and associates (137) observed that .reactions of skin tests to 
food or inhalant allergens, which were positive in 3 patients with asthmA, 
were not altered by administration of ACTH. Zeller et al (175) found that 
--
cutaneous reactions in 2 patients who were sensitive to ragweed were not 
altered by treatment with ACTH in doses adequate to produce relief of 
allergic symptoms. These observations have been confirmed by Leith et al 
(99), Sulzberger ~ ~ (160), and Bowman and his co-workers (18). The 
. .. . ... 
Friedlanders (55) and Zeller (175) showed that the whealing mechanisms o! 
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ragweed-sensitive individuals treated locally with ACTH were not significantly 
altered. Stollerman and co-workers (159) studied the effect of cortisone 
on passively induced skin hypersensitivity in humans, and concluded that 
cortisone does not interfere with passive transfer of skin-sensitizing anti-
body and does not inhibit the wheal and erythema typ.e of reaction. This was 
confirmed by Zeller (175) and Leith (99), utilizing ACTH. 
Bordley and associates (17) observed that the skin r~_ction to inhalant 
allergens was diminished in one patient with asthma but not in another as 
a result of the administration of ACTH. Howard (79) and Carey et al (20) 
reported that in the majority of 28 patients the immediate skin reactions 
to poll ens and dust were partially suppressed. In several patients after 
ACTH administration was stopped, the skin reactions were larger and more 
intense than prior to treatment. Immediate reactions to bacterial anti-
gens were significantly reduced during ACTH administration. Antigens used 
were vaccines of Staphylococcus aureus and albus, several strains of strep-
tococci1 and ]• influenzae. Rich et al (6, 133, 134) had also noted sup-
pression of intracutaneous reactions in rabbits sensitized to horse serum. 
Loveless (104) studied the tissue susceptibility of an atopic individual 
to grass pollen, ragweed, and horse dander by means of the conjunctival 
reaction. After several months of ACTH therapy, the patient's conjuncti-
val tolerance had increased fourfold to sixteenfold to the antigens with 
no changes noted in reagin output or antibodies. If a booster dose of 
grass pollen was given during therapy as well as a booster dose of ACTH, 
the co~ctival resistance rose another eightfold, and antibodies were 
vigorously produced, comparable to the control patients. No anamnestic 
responses to the other antigens were noted. 
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The effect of histamine reactions in patients undergoing ACTH therapy 
was studied independently by Long and Favour (102) 1 Bowman !1 a1 (18) 1 and 
Sulzberger and co-workers (160). These investigators found no effect on 
the typical wheal and flare reaction. 'The Friedlanders (55), working with 
guinea pigs, and Hersch!us !1 ~ (75), on asthmatic patients, found that 
ACTH did not influence the development of bronchiospasm by histamine or 
Mecholyl. Gray (64), Malkiel (106) and Landau (95) independently found no 
protection against histamine in Schultz-Dale experiments, either utilizing 
guinea pig uteri or guinea pig ileum taken from animals which had been 
treated with ACTH or cortisone, nor was there any protection from one 
lethal dose of histamine given to guinea pigs treated with ACTH or corti-
sone given every 6 hours for 4 days (95 ). Carryer and Code (21, 22) fourid 
that in vitro the addition of cortisone to the blood of rabbits previously 
sensitized to sheep erythrocytes had no effect on the release of histamine 
into the plasma which accompanied the hemolytic reaction produced by mix-
ing the blood with sheep cells. Furthe~ore, the in vitro addition of 
cortisone to the blood of rabbits did not have any effect on the histamine 
content of whole blood, on the distribution of histamine in the blood, nor 
on the disappearance of histamine from blood during incubation. Goth et 
al (62), studying Tween hypersensitivity in dogs, found that cortisone did 
.. 
not prevent histamine liberation following the injection of Tween, but 
did decrease or prevent the effect of a second Tween injection 24 hours 
later. They have suggested that cortisone prevents reaccumulation of his-
tamine following liberation by Tween. Utilizing patients treated with 
cortisone and the experimental drug Ro-2-2222, which liberates histamine 
after intracutaneous injection, they found that the ho~one did not prevent 
the first dose effect, but made the site of injection less responsive to 
repeated injections (76). 
2. Delayed, tuberculin-like reactions: 
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Many workers have studied the suppression or abolition of the tuber-
culin reaction following the administration of cortisone or ACTH. Harris 
and Harris (69) sensitized guinea pigs and rabbits to BCG and then treated 
them with 11 and 35 mgm of cortisone, reapectively, for 5 days. At the 
fifth day the animals tested with cytoplasmic particles prepared from BCG 
organisms or o. T. It was found that the cutaneous reactions of sensiti-
vity to proteins of the tubercle bacilli were inhibited in both species. 
Four days after cessation of treatment, the skin tests became positive 
again. These findings were confirmed by Stoerk (156). Osgood and Favour 
(123), employing ACTH in guinea pigs sensitized to tubercle bacilli, 
showed ths.t the hormone caused a marked reduction in the area of erythema, 
induration, and necrosis when the animals were tested with PPD. The reac-
tions of the cortisone treated group reached a peak at 24 to 32 hours, 
while those of the control group were at a ma.xi.mum between 40 and 4g . hours. 
Lurie et al (105), utilizing rabbits infected with human tubercle bacilli 
(H37ru), and maintained on cortisone in a dosage of 2 mgm per kilo, found 
that the tuberculin reaction was suppressed. Confirming this, Bloch ~ !! 
(14) reported that the reaction was inhibited to about 50 per cent in 
infected guinea pigs and was restored to the original level after .the 
hormone v~s discontinued. Derbes and co-workers (32), utilizing tubercu-
. . 
lous guinea pigs receiving 1 mgm of cortisone daily and skin tested with 
PPD, found the reactions to be not significantly different from controls 
either grossly or microscopically. The only dosage which modified the 
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tuberculin reaction was 10 mgm of ACTH daily for 7 days or 20 mgm of corti-
sone daily for 3 days. They found histologically that the changes were a 
quantitative diminution in the inflau®ator,y exudate rather than a qualita-
tive change in the cytologic structure. These results were also confirmed 
by Sheldon ~ al (149). Woods and Wood (174~ studied the effect of corti-
sene and ACTH on the inflammatory focal reaction in the eyes of tubercu-
lous rabbits. Treatment with ACTH or cortisone prior to a shocking dose 
of tuberculin almost completely blocked the inflammatory focal reaction 
in the eyes. This blocking effect completely disappeared about two weeks 
after cessation of treatment. Cortisone or ACTH had no effect on the pro-
gress of the tuberculous lesions. In rabbits sensitized to alpha and beta 
streptococci and treated with cortisone or ACTH, there was blocking of the 
ophthalmic type of delayed sensitivity to these agents. Long and Favour 
(102) studied the effects of ACTH and cortisone on tuberculin sensitivity 
'' (PPD) and on the beta hemolytic streptococcus reaction (BHS) in 34 rhewna-
toid patients receiving large doses of hormone. The PPD reaction was obli-
terated in 13 and the BHS reaction in 19 of the 34 patients. In those 
patients in whom these reactions were not obliterated there was a signifi-
cant al.teration of the induration and erythema in one or both intradermal. 
tests. The most readily altered phase of the tuberculin reaction was 
necrosis, next the prevention of induration, and lastly the abolishment of 
erythem.a. The time of obliteration of the PPD or BHS reaction varied from 
3 to 30 days, and was affected by the patient's initial degree of sensiti-
vity, the dosage of hormone, and the duration of treatment. Within 36 
hours of cessation of treatment many of the patients showed a flaring up 
of the reactions. The ability to have positive PPD and BHS reactions 
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usually returned 7 to .28 days after treatment. Confirmatory evidence of 
this type in patients was also supplied by Howard (79) and Carey (.20). 
Vollmer (168) studied the local effect of cortisone and ACTH by 
injecting intracutaneously 1 • .25 mgm of cortisone or 0.5 mgm of ACTH along 
with 0.005 mgm of o. T. in 9 sensitive volunteers. The tuberculin reac-
tions were diminished in all cases where cortisone was utilized, the indu-
ration being more affected than the erythema. Local ACTH failed to alter 
the reaction. When cortisone was administered in such a manner, it was 
found that itching was absent at the site of reaction. Local white blood 
counts showed a relative decrease of lymphocytes compared with the reac-
tion where tuberculin alone was administered. Skin biopsies taken after 
48 hours showed a striking difference in degree as well as quality of 
the inflammatory reaction to tuberculin and cortisone, and to tuberculin 
alone. In the tuberculin reaction there was edema of the papillary body, 
which was absent in the skin treated with cortisone. In the former case, 
the lymphocytic cell predominated; while in the tuberculin plus cortisone, 
the predominant cell was the polymorphonuclear leucocyte. Shick tests in 
Shick-positive individuals were also found to be altered by local corti-
sone administration. Induration and erythema were decreased. "Rebound" 
reactions were observed in the tuberculin tests after the fifth day. One 
subject showed a rebound reaction to the Shick test at the same time. 
Kligman et al (9.2) reported that guinea pigs infected with T. menta-
-- -
grophytes and vaccinia virus and treated with 5 mgm of cortisone da~ 
failed to show blocking of the skin reactions to trichophytin and killed 
vaccinia virus. In fact, in these cases the reactions were more marked 
than in the untreated animals. 
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Phagocytosis ~ Inflammation 
The influence of the adrenal cortex upon the structure and functional 
activity of the macrophage system was examined by Gordon and Katch (60), 
who found that adrenalectomy in the rat lead to a significant decrease in 
the phagocytic activity of the liver and spleen. With administrati on of 
large quantities of ACE, but not of DCA, there was a significant increase 
in phagocytic activity. Hypophysecto~ized rats failed to influence ~he 
phagocytic activity, but the injection of ACE into such animals resulted 
in a marked increase in the phagocytic activity toward thorium. Not only 
was phagocytosis increased, but the number of phagocytes in both liver 
and spleen increased significantly. These workers also found that by 
inanition of intact rats there was increased phagocytic activit y of the 
macrophages. Timiras (165) also reported that exposure to stress stimu-
lated the phagocytic activity of the reticulo-endothelial system in intact 
rats, but net in adrenalectomized or hypophysectomized rats. The adminis-
tration of ACE and to a lesser extent ACTH restored the capacity of the 
R. E. system in these animals. Similar observations had been reportoo b;r 
Dougherty and White (40). 
The results obtained in intact animals utili zing purified ACTH or 
cortisone are more conflicting. Thus, Lurie ,.2!:. al (105) found t hat injec-
tion of india ink ~.rabbits receiving cortisone resulted in a marked 
increase in the phagocytosis of the carbon particles. The.y also found that 
disseminati on of tubercle bacilli, applied by a quantitative inhalation 
technique, was retarded. They explained this by stating that cortisone 
increased the phagocytic activity of the reticulo-endothelial system and 
thus of the alveolar macrophages. There was, however, no increased 
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destruct ion of bacilli, but rather an increase in their number and in the 
number of lesions. Spain ~ al reported that cortisone interfered with 
the phagoc3~ic activity of the reticulo-endothelial cells in mice (152). 
Rebuck~ & (130), utilizing ear "windows" in control volunteers receiv-
ing ACTH, noted that phagocytosis of india ink by neutrophils was inhibi-
ted. Crepea and· associates (29) studied the effects of ACTH or cortisone 
on the phagocytic powers of leucocytes removed from patients treated with 
the hormones. Whole defibrinated blood before and after treatment with 
ACTH or cortisone was combined with virulent type I pneumococci and anti-
type I pneumococcus rabbit serum, and after centrifugation, neutrophil 
counts were done. In 9 of 10 patients the phagocytic activity of the 
neutrophilic leucocyte decreased. Mogabgab and Thomas noted no change in 
the phagocytic index in rabbits treated with cortisone (117). 
Heilman (70, 71) studied the effect of compound E in tissue culture 
of rabbit spleen and lymph node, and found an increased extent of migra-
tion and of phagocytosis by granulocytes. The honr10ne caused lymphocytic 
degeneration and moderate inhibiti on of the gro,.,th ·of fibroblasts. 
Certain of the derivatives of primitive mesenchyme, including connec-
tive tissue, synovia, reticulum, and vascular tissue and muscle, are promi ... 
nently involved in the so-called collagen diseases. Inflammation of these 
tissues is strikingly modified by treatment with ACTH or cortisone, with 
corresponding improvement in the clinical manifestations of the disease 
in question. An understanding of the mechanisms of cortisone and ACTH on 
mesenchymal tissues would help explain the therapeutic effects of the hor-
mones on coll agen diseases. Unfortunately, present day knowledge contri-
butes little to such understanding. 
The administration of cortisone or ACTH inhibits or depresses the 
inflammatory reaction of mesenchymal tissue to a variety of substances. 
These include turpentine injected into rats (162), talc placed in the 
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peritoneal cavity of rats (42), and formaldehyde injected into the vici-
nity of joints of ra~s (148). Gross (65) found that cortisone in large 
doses had a strong inhibitory· effect on acute inflammation induced by 
mustard oil injected into rabbits• eyes. The ho~one also had a marked 
inhibitory effect in chronic infl8lllDlation induced by fonnaldehyde, but 
inhibited, although not completely, the acute inflammation induced by 
large single doses of formaldehyde. DCA was without effect. Osgood and 
Favour (123) studied the effect of ACTH on the skin reactivity to turpen-
tine in guinea pigs. The large amounts of ACTH employed suppressed ery-
thema and induration, but failed to affect the necrotic reactions. Woods 
and Wood (174) have shown that cortisbne and ACTH block effectively the 
ophthalmic reaction produced by glycerin and Jequirity seed infusion. 
~~en cortisone was injected locally in the anterior chamber of rabbits' 
eyes, it had an imrrLediate but temporary effect in blocking the inflamma-
tory reaction secondar,y to these two agents. Ungar (167), producing inflam-
mation in a passively sensitized guinea pig by intra-articular injection 
of antigen, was able to show that under ACTH or cortisone treatment there 
was a decrease in the inflammatory response. DCA tended to increase the 
response. 
Using the ear \dndow technique, Rebuck !i al (130) have observed that 
after the injection of diphtheria toxoid or o. T. into sensitive individ-
uals the reactions were characterized by histiocytes and neutrophils. At 
8 to 12 hours, lymphocytes appeared, followed by hypertrophying lymphocytes 
at 12 to 14 hours. Largely due to this hypertrophy a predominantly histio-
cytic picture resulted at 16 to 24 hours. The most important response with 
ACTH therapy was a dropping out of lymphocytes at 8 to 12 hours and conse-
quently of the hypertrophying lymphocytes at 12 to 14 hours. Because of 
this lymphocytic hiatus the depleted exudate consisted largely of neutro-
phils and histiocytes. As previously noted, Vollmer (168) had noticed the 
difference between the intensity of the inflammatory reaction as well as 
in the quality of inflammatory response under local application of corti-
sone and tuberculin, or tuberculin alone. In the tuberculin reaction, 
there was edema of the papillary body, which was absent in the presence 
of cortisone. The perivascular cell infiltration of the upper corium was 
striking in the tuberculin reaction, while only moderate in the cortisone 
reaction, which may have been due to the inflammatory properties of the 
cortisone itself. The difference in the quality of the cell reaction was 
quite striking, in that the tuberculin reaction showed a predominance of 
lymphocytes and mononuclear cells; the cortisone plus tuberculin reaction 
was predominantly polymorphonuclear. 
It thus appears that effects of cortisone and ACTH are analogous in 
suppressing reactions due to bacterial products or to chewicall7 induced 
inflammation. It appears in both instances that the reactivity of the 
tissues to an injurious agent is suppressed or inhibited. Thus it would 
appear that the effects of the hormones on the reactivity of mesenchymal 
tissue must be exerted at some fundamental biochemical level which is com-
mon to a variety of animal species and a variety of injurious agents. 
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Summary 
The observations to date, aside from the clinical studies, suggest 
that AC~ and cortisone alter the reactivity of tissues to antigen-
antibody combination. Whether this is a purely tissue phenomenon or 
whether the effect is partially or entirely due to altered antibody pro-
duction is not now clear. The animal experiments recorded are contradic-
tory as are some of the observations in humans. It remains to be seen 
whether or not the observed differences reflect differences in animal 
species, the hormones used (i.e., .ACTH, cortisone, ACE), the dosage and 
schedule of administration, antigen-antibody systems, or in critical 
evaluation of experimental data. Most of the observations, however, 
emphasize that a powerful inhibitory effect is produced--by whatever 
mechanism. The clinical aspect of the problem has been well reviel'md by 
Miale (112), Sprague (153), and Ingle (S3), and the reader is referred to 
these authors for further reference. Also recommended is Sayers' excel-
lent review of the adrenal cortex and homeostasis (140). Ingle (S3) has 
epitomized the limitations of present day understanding of the activity 
of cortisone as follows: 
"The consequences of cortical hormone action spread through 
the organism in a manner reminiscent of waves caused by the 
impact of a stone in a pool of water, but the point of impact 
of the hormone remains unknown for the present." 
MATERIALS 
Albino rabbits of mixed sexes and weighing between 2 and 4 kilograms 
were placed in individual cages and were given an unrestricted amount of 
Purina Rabbits Pellets and water, with a weekly supplement of fresh 
green vegetables. 
Compound~ was obtained as cortisone acetate from Merck and Company, 
Inc., in the form of an aqueous suspension.* Desoxycorticosterone ace-
tate was obtained from Organon, Inc., in the form of unsterile crystals. 
The material was suspended in a saline vehicle made up as follows: 
1.5 per cent benzyl alcohol as a preservative 
0.9 per cent sodium chloride 
0•4 per cent polyoxyethylene sorbitan mono-oleate 
0.5 per cent sodium earboxymethylcellulose as stabilizing agents 
Dist illed water q.s. ad. 100 per cent. 
The suspension was made up to a volume such that 1 ml of the suspension 
contained 10 mgm of DCA. The material was kept refrigerated when not in 
use. The forementioned vehicle was employed also as the control material. 
It should be noted that cortisone was likewise suspended in the same 
vehicle. 
The antigen employed was purified diphtheria toxoid, P. T. • 28, 
obtained from the Massachusett s Antitoxin and Vaccine Laboratories. 
Diluted toxoid was incorporated into a Falba-Bayol F mixture together 
*The cortisone was obtained on recommendati on of the Committee on Cortisone 
Research of the National Academy of Sciences with funds allocated by the 
United States Public Health Service. 
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with heat-killed, washed tubercle bacilli, according to the method of 
Freund (53). The final mixture contained 7Lf toxoid per ml. For immuni-
zation, rabbits were shaved and given 20 injections intracutaneously of 
0.1 m1 of the adjuvant mixture, as suggested by B. Waksman of the Massa-
chusetts General Hospital. After a period of a month, an additional 2 
m1 of the mixture was given as 2 injections of 1 ml each subcutaneously 
in the scapular region. At the completion of the latter injections, an 
additional 2 to 6 month waiting period was allowed before experimenta-
tion was begun. In an additional experiment, to be described, only 1 
injection of 14 Lf was given, followed by a 2 month incubational period. 
The former immunization schedules were chosen to allow for optimal cir-
culating antibody levels or for studies of the anamnestic response. The 
latter schedule was chosen so that the effect of adrenal cortical hor-
mones on humeral antibody levels early in immunisation could be studied. 
All animals immunized in the above named manner developed dermal sensi-
tivity of the delayed "tuberculin" type to both diphtheria toxoid and 
Old Tuberculin (o. T.)~ 
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METHODS 
A. Immunological Methods 
The humoral antibody titer was followed by the in vitro technique of 
Fraser and carried out in rabbits (52). Titr""a.tions were carried out 
first at the 10 unit level, repeated at the 1 unit l~vel, and finally at 
the 0.1 unit level. Results were expressed as antitoxic units per ml 
(ATU/ml). 
Skin sensitivities were carried out employing PT-28 and 0. T. Uti-
lizing the diluent recommended by Gottschall and Bunney (63), a stock 
solution containing 10 mgm o. T. or 10 Lf toxoid per ml was made up and 
refrigerated until used. Skin test materials were prepared as follows: 
Twofold serial dilutions of the stock toxoid or o. T. were made in the 
Gottschall-Bunney medium. 0.1 ml of each dilution was injected intracu-
taneously on the backs of the animals. The injections ranged from l mgm 
o. T. or 1 Lf of toxoid to 0.0001 mgm o. T. or 0.0001 Lf of toxoid. A 
control injection of the phenol diluent was also utilized. Reactions 
were of the delayed 11 tuberculin 11 type, reaching a peak of induration and 
erythema at from 24 to 48 hours. All reactions were read at the end of 
24 hours. The end peint, or blank out point, was considered as a reac-
tion of 5 mm or less in diameter, and was expressed in terms of the titer 
or dilution causing the minimal reaction. In some cases no reactions to 
the strongest dilutions of o. T. and toxoid were found, and they were 
recorded as a reaction to 1 mgm o. T. or 1 Lf toxoid. For later calcula-
tions the results were converted into log titers so that a geometric 
mean could be obtained. 
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B. Chemical Techniques 
Plasma total protein, plasma albumin, and plasma globulin were 
determined, using the methods of Wolfson .!1 al (172). Hemoglobin con-
centration was determined by the photoelectric method of Evelyn and 
Malloy (46). Hematocrit readings were. made utilizing heparinized blood 
placed in either capillary pipettes or Cutler tubes, centrifuged at 3,000 
r.p.m. for 60 minutes, and the volume of packed red cells calculated. 
Red cell counts, mean cell volumes, mean cell hemoglobins, mean corpus-
cular hemoglobin concentrations were carried out following the usual 
techniques. 
Whole blood volume, plasma volume, and red cell volume were deter-
mined using a modification of the methods described by Kelley et al (90) 
--
and Reid and Orr (131). Six normal animals were chosen as donors and 
their cells were cross-matched with the sera of the experimental animals• 
1. Preparations of the tagged cells 
To 15 ml of donor 1 s blood obtained by cardiac puncture were added 
1.5 to 2 ml of Acid Citrate Dextrose solution (ACD*) as an anticoagulant. 
Eighty to 100 microcuries of .p32 in a volume less .than 1 ml was added, 
and the blood was incubated at 37 C for 45 to 60 minutes with frequent 
inversions. At the end of the incubational period, the blood was centri-
fuged at 2000 r.p.m. in a refrigerated centrifuge for 15 minutes. The 
supernate was removed and replaced with cold ACD to the original volume. 
This process of washing, centrifuging, and replacing the supernate with 
cold ACD was repeated 4 times. After the fourth washing, the volume was 
*ACD ~ Trisodium citrate • • • • • 2.20 g 
Citric acid • • • • • • • 0.80 
Anhydrous dextrose • • • • • • 2.25 
Distilled water q.i. ad. 100 m1 
Kept refrigerated until used. 
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restored to the original with ACD, and the cells were mixed by gentle inv-
ersion. 
2. Preparation of the standard 
The original incubated blood was obviously too active for direct 
counting, therefore it was diluted 1:256 with normal rabbit blood and 1 
m1 of the latter dilution was placed in a planchet, 5 drops of duponal 
were added, and the specilnen dried at 37 C overnight. 
3. Preparation of the animal 
The animals were weighed, and placed in an animal box. Both ears 
were shaved along the marginal ear veins. If the animal had been used 
before, a blank sample of 1 ml was taken into a small Wassermann tube 
containing heparin. On~ ml was placed into a planchet and 5 drops o! 
duponal were added and the specimen dried at 37 C overnight. Using a 
tuberculin syringe, 1 ml of the tagged cells was then carefully injected 
into the marginal ear vein. After a 20 minute mixing period, a 3 to 4 ml 
specimen was removed from the opposite ear vein into a Cutler tube con-
taining a small amount of poW'Idered heparin. One ml of the remo:ved . blood 
was placed into a planchet by means of a 1-ml volumetric pipette. Five 
drops of duponal were added, and the specimen was placed in an incubator 
at 37 C overnight or until completely dried. All samples were counted 
at a uniform distance (2.5 em) below the counting window. AJ.l glassware 
was checked for contamination from previous samples. The samples were 
counted with a Geiger-Mueller counter for at least 3000 counts. Back• 
ground corrections were determined before and after each counting series. 
All counts were at least 3 times the background count. When blank samples 
were needed, the activity observed in the blank sample was then used as 
the background count and subtracted from the observed count. 
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4. Calculati<lms 
The value for total circulating blood was obtained from the following 
calculation. Activity was expressed as counts per ml per minute after 
subtraction of the background count or of the blank count. 
Formula 1: 
where: 
WBV: c1 
-XV 
WBV : the whole blood volume 
c1 '= the acti vi·ty per ml in the sample injected 
c2 = the activity per ml of the sample removed 
V : the volume of blood injected. 
It will be noted that in the calculation of whole blood volume the use of 
the measured hematocrit has been avoided. However, Formula 1 is based on 
the assumption that the cell-plasma ratio is the same throughout the body. 
For calculation of red cell and plasma volumes the hematocrit is used in 
the following calculations. 
For-mula 2: 
where: 
100 
RCV = the red cell volume 
H:z the hematocrit of the sample removed after 
injection 
After complete mixing of the injected activated red blood cells, the 
ratio of activated to non-activated red cells is a constant throughout the 
vascular system. This ratio is independent of the cell-plasma ratio. 
Therefore, the red cell volume as calculated according to Formula 2 is 
accurate since the use of the hematocrit valua,eonverts the expression to 
one of the ratio of activated to non-activated red cells. 
Formula 3: 
where: 
PV WBV - RCV 
PV = plasma volume 
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Since, according to Formula 3, the plasma volume is calculated from 
the whole blood volume and the red cell volume, it is subject to the same 
possible inaccuracy as is Formula 1. 
All results were converted to ml per kilogram of body weight. 
C. Experimental Procedure 
In general, all animals which had been previously immunized were skin 
tested and readings made after 24 hours. An additional week -was allowed 
to elapse before cortisone, DCA, or control material was given. During 
this week the animals were subjected to preliminary training, such as 
daily handling, weighing, mock bleedings, and mock injections. This lat-
ter period of training was an attempt to lessen the possibility of the 
production of excess endogenous adrenal cortical activity. Control bleed-
ings were taken from all animals on the same day that the adrenal com-
pounds were administered. The animals were then chosen at random and di vi-
ded into three groups, cortisone, DCA, and controls. In all cases bleedings 
were from the marginal ear veins, and were taken at various intervals dur-
ing the experiment. Blood was collected into siliconed 1Vassermann tubes 
containing a small amount of powdered heparin. The heparinized blood was 
centrifuged and the plasma collected and stored at -4 C until used. During 
the course of therapy the animals were all re-skin tested; they were again 
tested three weeks post-treatment. Appropr iate blood samples were taken 
at the times of skin testing. The methods for determining blood volumes 
have already been discussed. 
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D. Statistical Analysis 
No attempt \vas made to do a statistical analysis on the preliminary 
experiments. In the definitive experiments statistical analyses were 
carr ied out on the following deterrrdnations: antibody titers, plasma 
volumes, red cell volumes, body weights, plasma proteins, erythrocyte 
counts, hematocrits, and hemoglobin concentrations and those derived from 
the latter three determinations, !·~·, MCV, MCH, and 1-iCHC. With the 
exception of the red cell volun1es, plasma volumes, and antibody titers, 
all were analyzed on the basis of recorded absolute values. In view of 
the fact that the experiments were planned to evaluate changes due to 
the administration of DCA, cortisone, or salt solution in a growing ani-
mal, the values had to be expressed by some connuon denominator to equal-
ize (a) diff erences in circulating antibody levels, (b) differences in 
body size, (c) differences in body water distribution while under adrenal 
cortical hormones administration, and (d) differences in the amount of 
food and water ingested by the animals during the experimental period•· 
Thus, in dealing with plasma volumes and red cell volumes, results were 
express ed as the numbe~ of m1 per kilogram of body weight based on the 
initial weight; and when dealing with antibody titers, results were usu-
ally expressed as the percentage of the original titer. Once the values 
were converted to a convenient ter.m, statistical analyses were carried 
out. 
The mean differences bet\ieen the cortisone-control group and the DCA-
control group were calculated at various intervals. The signi f i cance of 
the mean difference was tested by dividing the difference between the 
means by the standard deviation of the difference between the means. The 
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quotient was 11 t 11 and the number of degrees of freedom was two less than 
the total of observations in the t"\'IO groups. The "P" value was obtained 
from the standard tables. 
It should be noted that in the definitive experiments no attempt 
was made to compare the individual animal against itself; group data 
rather than paired data were used throughout. 
EXP:ERIMENT .. U. 
A. Preliminary Experiment 
A pilot experiment designed after that of Dougherty et ..§!l (41) was 
carried out. In this experiment five test animals and an equal number 
of controls which had been immunized 5 months previously with 28 Lf tox-
aid were utilized. Skin tests employing diphtheria toxoid and 0. T. in 
graded doses were carried out one week prior to the administration of 
cortisone. During the week preceding experimentation, the animals were 
handled daily. Experimental animals received 3 mgm of cortisone, given 
intramuscularly twice daily. Controls received the saline vehicle on 
the same schedule. A control bleeding was taken before the administra-
tion of cortisone, and again 61 12, 24, 48, and 96 hours after treatm~nt 
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was initiated. Approximately 8 ml of blood were taken per sample. After 
animals had been on cortisone for a week, they were re-skin tested. Cor-
tisone and vehicle were then discontinued, and the skin tests were 
repeated 2 weeks later. 
No data were available on the effect of repeated bleedings at short 
intervals on antibody titers. DeVries (33) had noted changes in the 
hematocrit following treatment of rabbits with ACTH, and Courtice and 
Gunton (26) had mentioned some changes in blood vo~ume in rabbits due to 
bleedings. Therefore, it was decided to include determinations of the 
plasma-red cell ratio to note any effects due to the repeated bleedings 
and/or cortisone administ~ation, and thus give some insight into possible 
blood volume changes during experimentation. 
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Results of both &ltibody titrations and of hematocrit readings are 
shown in Table I. The mean of five experimental animals and of the five 
controls is given at the various intervals and is expressed as the per-
centage of the original control value. The results of the skin sensiti-
vities are presented in Table II. No attempt was made to correlate chan-
ges in antibody titers with changes in skin sensitivity. The mean reac-
ting dose vas calculated as a geometric mean. 
From the results in Table I, it was apparent that bleeding and 
handling could cause a significant decrease in circulating antibody con-
centration as well as in the hematocrit. Removal of an 8 ml sample of 
blood from control animals resulted in an average 10 per cent decrease 
in hematocrit, and correlating with it, a 13 per cent decrease in anti-
body titer. The maximum drop in antibody levels and hematocrit readings 
occurred between the 24th and the 48th hour, so that by the 4th day the· .. 
antibody levels and the hematocrit readings had leveled off. The results 
also indicated that the removal of three 8 ml samples of blood over a 
period of 12 hours could cause about a 25 per cent decrease in the hema-
tocrit and the antibody titers. The experimental animals, on the other 
hand, show a progressive decrease in both factors over a longer period of 
time, so that by the end of 96 hours the antibody levels had dropped 
approximately 25 per cent more than the controls, and the hematocrit 
decreased about 20 per cent over that of the controls. 1Vhereas the con-
trols have seented to stabilize themselves at 96 hours, the cortisone 
animals' titers appeared to be still falling by the end of the experiment. 
The controls' hematocrits have tended towards normal, whereas the treated 
animals' levels had remained lov. 
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The results seemed to indicate that one was dealing with problems in 
alterations of plasma and/or red cell volumes, which were due to bleed-
ingand/or cortisone therapy. Superimposed upon this effect there may have 
been a direct effect of cortisone on antibody levels. In an effort to 
clarify the changes in blood volume brought about by cortisone and/or 
bleeding, plasma volume, and red cell volume studies using radioactively 
tagged cell suspensions were carried out. In addition to antibody and 
hematocrit determinations, plasma protein determinations were performed. 
Studies in erythrocytic indices were set up to determine whether the dec-
rease in the hematocrit was due to an anemia or to hemodilution. 
Changes in the degree of skin sensitivity during cortisone treatment 
were quite evident in all rabbits. There was a marked decrease in sensi-
tivity to both o. T. and diphtheria toxoid. There was uniforrr~y a depres-
sion in size, induration, and erythema. In two cases lack of reaction to 
the lowest dilution utilized was evident. Experimental animals showed 
about an eight- to ninefold decrease in sensitivity to both o. T. and 
diphtheria toxoid, whereas controls showed no, or a 10 per cent, drop, 
the latter to o. T. All reactions returned to pre-cortisone levels when 
tested 2 weeks after cessation of the hormone. 
B. Definitive Experiments 
1. The effect of cortisone and DCA on the amount of circulating 
antibody when the hormones were administered early in immunization 
Eighteen rabbits weighing between 2 and 3 kilograms, which had been 
immunized 2 months previous by the techniques already described, were 
utilized. Each rabbit had received 10 Lf toxoid. The animals were 
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TABLE II 
THE EFFECT OF CORTISONE ON THE ALLERGIC REACTIONS TO DIPHTHERIA TOXOID AND 
OLD TUBERCULIN 
Contro~s - 5 animals 
(minimal reacting dose) 
Cortisone - 5 animals 
(minimal reacting dose) 
Diphtheria 
Toxoid Lf 
0.0009 
o.ooo9 
o.ooo4 
0.0004 
0.0312 
O. T. 
mgrn 
o.ooo4 
0.0009 
0.0078 
0.0078 
0.0625 
Before Treatment 
Diphtheria 
Toxoid Lf 
o.ooo9 
o.ooo4 
0.0009 
o.ooo9 
6.0004 
GX.* -:. o.oo13 GX.* = 0.0042 GX.* = o.ooo6 
During Treatment 
o.ooo4 0.0009 0.0312 
o.ooo9 0.0009 0.0625 
o.ooo9 0.0078 1.0000 
0.0004 0.0078 0.2500 
0.0312 0.0625 1.0000 
Gi ':. 0.0013 GX. :: 0.0049 GX. : 0.2180 
After Treatment 
o.ooo4 0.0004 0.0004 
o.ooo9 0.0009 0.0009 
0.0004 0.0078 o.ooo9 
0.0004 0.0078 0.0004 
0.0312 0.0625 o.ooo4 
GX. -:. o.oou GX = o.oo42 GX. = 0.0005 
*GX ~ geometric mean 
Dosage: Corti sone - 3 mgm I. M. twice daily for one week 
Control medium - 1 ml twice daily for one week. 
o. T. 
mgm 
0.0004 
0.0009 
0.0009 
0.0004 
o.ooo9 
c:tX-:~ = 0.0006 
0.0250 
0.0312 
1.0000 
0.2500 
1.0000 
GX = 0.1900 
0.0009 
0.0004 
0.0009 
0.0002 
0.0019 
GX = 0.0007 
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distributed into three groups--5 controls, 5 DCA animals, and 8 cortisone 
animals. For 2 weeks prior to experimentation the animals were handled 
daily in a manner already noted. At the end of this time, control deter-
minations were carried out on all 18 animale, and cortisone, DCA, and 
the saline vehicle were administered. Further samples were taken from 
all animals at the following intervals: 3, 7, 14, and 21 days. The hor-
mones were withdrawn and recovery samples were taken at the 24th, 28th, 
and 42nd day. No more than 4 ml of blood was taken from each animal at 
each testing. Determinations of blood volumes, hematocrits, plasma pro-
teins, erythrocyte counts, hemoglobin concentrations, antibody titers, 
along with animal weights were performed. All deternunations except the 
blood volume studies were done in duplicate. The methods have already 
been described. 
The large deviations of the means throughout the series may be 
accounted for by the variation of response of the individual rabbits. 
Some rabbits had reached a maximum titer earlier than others, and then 
passed over into the decline phase. It appears from the data that as a 
group the control and DCA rabbits had reached their maximum at the same 
timeJ however, as a group the controls showed a higher titer. 
The use of concentration of antibody per ml is not a valid picture 
of the amount of circulating antibody. It has been noted in the preli-
minary experiment that bleeding and/or cortisone could cause alterations 
in the red cell volume-plasma volun1e ratio. Therefore, in Table V res-
ults of antibody titers are expressed as total circulating antibody. 
Results were obtained by ntultiplying the ATU per ml by the observed plasma 
volume. In the table, the results are expressed as percentage of original 
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TABLE III 
CIRCULATING ANTIBODY LEVELS BEFORE, DURING, AND AFTER TREATMENT "Vr'ITH CORTISONE 
OR DCA 
-------
Cort isone DCA Controls 
Animal ATU/ Total Animal ATU/ Total Animal ATU/ Total 
No. ml ATU* No. ml ATU* No. ml ATU* 
~---· -- . ._. 
Before Treatment (0 dal) 
El 12.8 1071.74 Dl 5.6 351.06 C1 3.0 245.20 
E2 30.0 2292.90 D2 8.8 782.50 C2 18.0 1283.04 
E3 5.9 547.99 D3 10.0 1062.90 C3 2.4 183.79 
E4 4.0 399.32 D4 11.2 1022.34 C4 2.0 228.38 
E5 2.0 266.63 D5 6.2 676.54 C5 12.0 1191.60 
E6 15.2 1538 .. 70 
E7 3.4 281.08 
E8 36.0 4451.04 
During Treatment (3rd week 
E1 1.2 189.04 Dl 4.6 438.93 C1 4.2 473.97 
E2 9.0 1208.47 DZ .. . 7.0 712.24 C2 9.0 962.10 
E3 1.3 197.74 D3 9.5 1084.33 C3 6.0 656.46 
E4 2.2 342.63 D4 12.0 1534.44 C4 5.0 563.25 
E5 o.6 101.47 D5 13.0 1450.28 C5 6.0 648.42 
E6 4.0 688.24 
E7 o.8 80.74 
E8 10.0 l411.40 
(3rd week2 Pos~Treatment 
E1 2.6 324.82 D1 2.4 262.25 C1 2.2 243.65 
E2 5.0 not read D2 3.4 442.27 C2 4.0 367.12 
E3 DIED D3 8.5 913.66 C3 4.0 446.96 
E4 4.0 493.92 D4 11.0 1176.56 C4 4.0 461.16 
E5 1.4 _,_121.46 D,S 12;,0 1270.40 C5 4.S 493.34 
E6 5.6 662.48 
E7 1.2 121.94 
E8 16.0 1804.48 
- -·--------- -
*ATU/ml x Total plasma volume - Total ATU 
-
- ·----------------------------~----------------------------------
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TABLE IV 
THE EFFECT OF CORTISONE AND DCA ON CIRCULATING ANTIBODY LEVELS EXPRESSED AS 
PERCENTAGE OF ORIG:lliAL TITER (ATU/ml) 
-- - - --.... - - . - - ------ -
Cont rols DCA Cortisone Difference between Means 
Day DCA- cortisone.. 
5- animus 5 animals e animals control control 
- , _ ~ - - - . --- -·- . ..-. . - ... _  . --- . __ ..._ _ ... -- ..... - ..-- ··- . --
.. -·--- _..-.. - - . . ·- - --
X = 101.34 x = 87.44 x ::: 65.16 ct= 13.90 Ci = 36.1e 
3 SD:: 30.76 SD: 16.27 SD= 2e.79 Sd: 19.56 Sd = 14.97 
SE : 13.76 SE : 7.2e SE : 3.11 P? .4 <.. 5 P / •02 ..,: .05 
100.ll 91.18 46.09 -8.82 
-54.02 
7 29.57 39.74 7.47 27.e4 14.27 
13.22 17.77 2.64 p > .5 p , 0.01 
140.28 ll0.08 34.20 -30.28 -106.08 
14 72.21 57.24 12.56 51.80 33.73 
32.29 25.60 4.44 p 1 •5 p c.... 0.01 
136.66 109.33 26.12 
-27.33 -110.54 
21 89.29 49.66 14.08 57.27 44.03 
39.93 21.94 5.32 p ') .5 p ~ .02 < .05 
Cortisone and DCA Discontinued 
144-44 lll.85 21.23 -32.59 -123.21 
24 103.04 46.55 17.16 63.68 50.91 
46.08 2o.e2 6.49 p ) .5 p "" .02 '- .05 
122.55 105.50 -26.05 
-17.05 -96.50 
28 91.22 54.15 14.92 59.63 45.04 
40.79 24.21 9.99 p ; .5 p ..., .o .1 
99.94 66.18 43.15 -33.76 -56.79 
42 79.23 29.90 27.63 51.62 41.71 
35.43 14.95 10.44 P.) .5 p .i .2 <. .3 
--·- - . - ·-· - ~--- · - - . .. . ~- - .... - . - . . . . . 
-
Dosage: Cortisone - 5 mgm/ki1o/day for lst week 
3 mgm/kilo/day for 2nd week 
2 mgm/kilo/day for 3rd week 
DCA - 5 mgm/animal/day for 3 weeks 
Saline - 1 m1/anima1/day for 3 weeks 
6c 
~ 
~ T e Effect o f Corti~one and _D~A on Circ'4--a'tiJl.g=._ AJI~ibody-r,evels--
-L---
-~---
- -
- -
I ' I I 
_--~-~--
-f~---+-
t·-
b L_'-
- 0 -
r- - ---- --~ ·' , 
/ 0 I ' / ~ I I " 
/ 
\ 
\ 
~ 
- I.~ J -lL _-_ 0 
- -

37 
amount. Thus, it can be noted that there was a &aximum increase of 84 per 
cent in the control series. The DCA series showed a maximum increase of 
28 per cent. At no time was there a significant difference between the 
cortisone and the DCA series. From the 7th day until the 28th day there 
was a significant difference between the cortisone and the control series. 
The cortisone animals showed a maximum drop of 60 per cent while under 
treatment. Another 20 per cent decrease was observed 3 days after corti-
sone was discontinued. It thus appeared that there was a hemodilution 
due either to cortisone, bleeding, or both. 
The results of the experiments performed with radioactively tagged 
red cells are presented in Tables VI and VII. It can be seen that bleed-
ing alone could cause an increase of about 45 per cent in plasma volume, 
expressed as ml per kilogram of body weight. In the control and DCA ani-
mals this increase was maintained when bleedings were at short intervals, 
~.~., 3 days. If a week was allowed between bleedings, the plasma vol-
ume tended to revert to the original; however, it remained at a higher 
(20 per cent) than normal level. Cortisone animals, on the other hand, 
showed,in addition to the 45 per cent increase, another 20 per cent, 
which tended to be maintained at this level during the period of cortisone 
administration. Within 3 days following the withdrawal of cortisone, a 
marked diuresis occurred. With this drop in plasma volume, it was 
expected to find a concomitant increase in antibody titer expressed as 
ATU per ml; that this was not the case can be seen in Figure 1.. One week 
post-cortisone there was no significant difference between the cortisone 
and control groups in regard to plasma volume. 
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Some interesting observations were made regarding changes in red cell 
volume (Table VII). Even though there did not appear to be a marked sta-
tistical difference between the control, DCA, and cortisone groups (p val-
ues between 0.05 and 0.1 were found between cortisone and control groups), 
the control and DCA groups showed uniformly a 13 per cent increase in red 
cell volume which tended to be maintained. The cortisone animals, on the 
other hand, m:aintained their volume at the control level or showed a 5 per 
cent loss. 
Thus, under cortisone therapy it appeared apparent that one was deal-
ing in part with changes in plasma volume and in part with changes in 
protein me~abolism. 
Results obtained with hematocrit determinations, erythrocyte counts, 
hemoglobin concentrations, and those calculations derived from the lat-
ter three, !·~·~ MCV, MCH, and MCHC, are presented in Tables VII to XIa. 
In general, control and DCA animals showed a 3 to 5 per cent drop in 
hemoglobin concentrations and erythrocyte counts over 21 days of treat-
ment, whereas cortisone animals showed a 25 to 30 per cent drop over the 
same period of time. When the various erythrocytic indices were calcu-
lated, it was found that the individual cell had remained the same no 
matter whether the animal had been treated with cortisone, DCA, or the 
control material; nor was there any significant difference noted between 
the groups. Thus, if one dealt with anemia, in the cortisone group it 
was an anemia of dilution rather than of traumatic or physiologic origin. 
Results of the ancillar,7 studies carried out on plasma proteins are 
shown in Tables XII to XV. Cortisone treated animals showed a consistent 
drop of about 10 per cent in total plasma proteins during the experimental 
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TABLE VI 
THE EFFECT OF CORTISONE AND DCA ON PLASMA VOLUME 
Day 
Controls 
5 animals 
ml/kg*; 
DCA 
5 animals 
ml/kg*· 
Cortisone 
8 animals 
ml/kg*: 
. ~- . ·- -~- - ----
Difference between Means 
DCA- cortisone-
control control 
----------- -------------
------ -- ~ - ---- ---·---
0 
3 
7 
14 
21 
24 
28 
42 
x-:. 
SD ~ 
SE ~ 
33.28 
5.32 
2.38 
45.44 
5.35 
2.39 
46.47 
4.95 
2.21 
41.26 
5.47 
2.45 
45.21 
2.61 
1.17 
33.79 
5.67 
2.53 
49.48 
5.62 
2.51 
47.46 
3.37 
1.51 
37.50 
2.83 
1.26 
X= 33.42 
SD : 5.90 
SE : 2.09 
48.11 
4.51 
1.59 
55.80 
5.62 
1.99 
d :: 
p = 
-0.51 
, .5 
p • ', .5 
Sd :: 
p 
p 
0.99 
3.37 
.5 
-1.80 
3.65 
.5 
Cortisone and DCA Discontinued 
39.66 
2.40 
1.20 
43.29 
5.28 
2.36 
43.04 
3.53 
1.76 
38.33 
8.16 
3.33 
44.01 
6.05 
2.47 
38.82 
3.82 
1.56 
-1.60 
2.25 
p / .5 
-1.92 
3.31 
p > .5 
d = 0.14 
p = > .5 
9.33 
Sd = 4.06 
p . • 02 ..• 05 
12.71 
4.49 
p .01 .02 
13.56 
3.43 
p '- .o1 
-2.93 
5.52 
p .5 
-1.20 
3.76 
p . .5 
-1.89 
2.86 
p ) .5 
- ---- ··-··-- · - ---- ---- ·· ··~ - - -- - ··-- - - -~- - - - - - --·---- - --
*Based on initial body weight 
Mean of 18 animals on 0 day: x·: 33.49 ml/kg 
SD : 5.35 
SE : 1.26 
p = ' .• 01 
Dosage: Cortisone - 5 mgm/kilo/day for 1st week 
3 mgm/kilo/day for 2nd week 
2 mgm/kilo/day for 3rd week 
DCA - 5 mgm/animal/da7 for 3 weeks 
Saline - 1 ml/animaljday 
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TABLE VII 
THE EFFECT OF CORTISONE AND DCA ON RED CELL VOL~lli 
.. .. ....._~_..___ 
- ·-- .... . ~ . ·· - ... . .. .... -- ----- -
--
-- .-
Controls DCA Cortisone Difference between Means 
5 animals 5 animals $ animals DCA- cortisone:: 
ml/kg* . InJ./kg* ml/kg* control control 
Day 
--· -----~- - ---·-----· - - - -- ---.... 
··-
X'::. 21.25 x: 24.49 X'= 23.35 d= 3.24 
0 SD ':. 1.97 SD: 4.39 SD !:: 3.77 Sd :: 2.14 
SE -::. o.88 SE "= 1.96 SE = 1.33 p = .1 2 
26.60 26.79 22.31 0.19 
3 4.31 1.30 1.73 2.76 
1.93 0.66 o.61 p "'> .5 
26.35 26.81 22.47 0.46 
7 3.81 o.s8 1.45 2.11 
1.90 0.39 0.51 p .5 
24.88 2~.63 22.02 0.75 
14 2.15 1.73 2.90 1.55 
0.96 0.77 1.02 p '> .5 
26.64 27.30 22.49 o.66 
21 2.96 2.49 3.14 2.27 
1.33 1.24 1.28 p .5 
Cortisone and DCA Discontinued 
. -- - ---- .... - -
24.43 27.99 20.77 
24 1.87 2.38 3.45 
0.84 1.19 1.41 
24.47 28.09 22.05 
28 2.02 1.61 3.40 
0.91 0.80 1.39 
27.32 27.20 23.43 
45 2.83 0.94 3.44 
1.26 0.47 1.40 
*Based on initi al body weight 
Mean of 18 animals on 0 day: X = 23.09 ml/kg 
SD :: 3.42 
SE : 0.81 
p : <...Ol 
Dosage: Cortisone- 5 .mgrn/kilo/day for 1st week 
3 mgm/kilo/day for 2nd week 
2 mgm/kilo/day for 3rd week 
DCA - 5 mgm/animal/day for 3 weeks 
Saline - 1 ml/animal/day for 3 weeks 
3.16 
1.73 
p ~ .1 ~ ·2 
3.62 
1.52 
p .02 .05 
-o.l2 
1.82 
p . .5 
d :: 2.10 
Sd ·: 1.84 
p :: 3 ~4 
-4.29 
2.22 
p .05 1 
-3.83 
1.89 
p ';>.05 .1 
-2.86 
2.0<1 
p "> .1 .2 
-4.15 
2.38 
p .1 <_.2 
-4.06 
2.23 
p - .1 -:. .2 
-2.42 
2.23 
p 
.3 .4 
-3.89 
2.47 
p .c .1 !62 
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TABLE VIII 
THE EFF:&;T OF CORTISONE AND DCA ON THE HEHATOCRIT 
-------- ·--·-· · ·-· ---- - ·· -- ... 
------ ...._. ______ . - -
-
Controls DCA Cortisone Difference between Means 
Day percent percent percent DCA- cortisone-
5 animals 5 animals 8 animals control control 
· -· . .. .... .... ---- ·- --- --
X':. 38.55 X~ 42.48 X: 41.4l d = -3.93 d= 2.86 
0 SD .-: 2.01 SD 0::: 1.60 SD = .2.56 Sd : 1.44 Sd : 1.79 
SE : 0.90 SE ~ 0.72 SE = 0.90 p .) .02 c:._e05 p ) .1 .2 
36.85 37.09 3l .. n 0.24 -5.14 
3 2.46 2.68 1.03 2.04 1.28 
1.10 1.20 0.36 p .5 p t.... .01 
34.77 36.15 28.79 1.38 .... 5.98 
7 2.39 2.00 1.85 1.77 1.56 
1.07 0.90 o.65 p ) .4 <,..5 p L_ •Ol 
37.58 40.62 30.66 3.04 -6.92 
14 2.21 0.86 2.08 1.31 1.61 
0.99 0.39 0.74 PJ .02 ~.05 p / .01 
38.90 4l.27 29.47 2.37 -9.13 
21 2.72 1.19 2.90 1.67 2.16 
1.22 0.51 1.09 p .> .1 .2 p L .01 
Cortisone and DCA Discontinued 
. - . ----· ----.... -·~-- - ---~~ 
37.29 41.26 34.95 
24 o.69 1.36 3.65 
0.97 o.61 1.38 p ,. .... _ 
35.33 37.33 31.88 
28 1.44 2.72 0.19 
0.64 1.22 0.09 p - .2 
40.14 38.78 37.08 
42 1.94 1.27 2.73 
0.87 o.64 1.03 p 
·-- - -·- · ~ ·-· - - . -~ - . .. - . . .. ._ - ' . .... - - - --- ... -- - ..... . ~ -- - · - 4 " 
Mean of 18 animals on 0 day: X : 40.91 
SD • 2.59 
SE: 0.25 
p = . • 01 
Dosage: Cort isone - 5 mgm/kilo/day for 1st week 
3 mgm/kilo/day for 2nd week 
2 mgm/kilo/day for 3rd week 
DCA - 5 mgm/animal/day for 3 weeks 
Control - 1 ml of suspending mediwn daily 
3.97 -2.34 
0.86 2.19 
.01 p .3 . • 4 
2.00 
-3.45 
1.73 0.76 
--3 p '- .01 
1.36 -3.06 
2.00 1.29 
.5 p . · .02 " .• 05 
- .. -· . -- ---·-----
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TABLE IX 
THE EFFECT OF CORTISONE AND DCA ON THE HEHOGLOBIN CONCENTRATION 
-·· 
Cont rols DCA. Cortisone Difference between Means 
Day g/100 ml g/100 ml g/100 ml DCA- cortisone-
5 animals 5 animals 8 animals control control 
---- .___ .... --._ . -~--- ~--~ 
___ ... __ 
·- -- -
-X: 11.34 x= 12.26 x:: 12.30 d= 0.92 d!e 0.96 
0 SD '= 1.35 sn= 0.96 SD: 1.18 Sd : 0.93 scr·= 0.94 
SE ::: 0.61 SE '= 0.43 SE = 0. 53 p ~ .3 4 p , .3 "-.•4 
10.68 10.78 9.45 0.10 -1.23 
3 0.69 0.49 o.65 0.48 0.50 
0.31 0. 22 0.23 p . • 5 p . 02 .• 05 
10.04 10.46 8.87 0.42 
-1.17 
0.66 0.47 0.74 0.45 0.53 7 
0.29 0.21 0.25 p ';- .5 p :: .02 ·' .• 05 
10.80 11.96 8.99 1.16 
-1.81 
14 0.83 0.33 1.09 0.50 0.76 
0.37 0.15 0.39 p , .02 .05 p . • 02 "' . • 05 
11.00 11.96 8.77 0.96 -2.23 
0.81 0.62 0.43 0.57 0.45 
0.36 0.27 0.16 'p .- .1 .2 p ' ~ .01 
21 
Cortisone and DCA Discontinued 
10.80 ll.74 9.50 0.94 -1.30 
24 0.31 0.78 1.20 0.47 0.73 
0 .. 41 0.35 0.45 p ";> .05 .(_.1 p .1 .2 
10.24 11.14 8.73 0.90 
-1.51 
0.88 1.41 0.55 0.94 0.56 
0.39 o.63 0.23 p .3 .4 p .02 .05 
28 
12.16 11.86 10.34 -0.30 -1.82 
35 1.22 o.so 1.15 0.82 0.90 
0.55 0.12 0.44 p ."'> .5 p , .05 .1 
--
- -.....-----~- ·-~--- .. .. _ ... _,.. . - ... - . -· ...... ~- -- . -·-- ... ··- .__~ --.._ --- · .... __ .. __ ... _...._ __ - . ,_ .. -
Mean of 18 animals on 0 day: X :: 12.03 
SD = 0.33 
SE - 0.25 
p '- .01 
Dosage: Cortisone-5 mgm/kilo/day for lst week 
3 mgm/kilo/day for 2nd week 
2 mgm/kilo/day for 3rd week 
DCA - 5 mgm/animal/day for 3 weeks 
Control - 1 ml of suspending medium daily 
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TABLE X 
THE EFFECT OF CORTISONE .AND DCA ON THE ERYTHROCYTE COUNT 
--- . -· ~- - - - - · __ .. -·-- ·-·- -
___ _ .._ ___ ________ 
Controls DCA Cortisone Difference between :t-1eans 
no./rr:f no./~ no./r;:;~? DCA-
X 10 X 10 X 10 control 
Day 
5 animals 5 animals 8 animals 
--·-
... - ~ .. - - .... -- -·- .,_ - - - .. - ~- ·· - - - - . .. . - ~ -
-x= 5.29 X= 5.97 x= 5.74 d = 0.68 
0 Sl)) -= o.85 SD= o.s7 SD:: 0.37 s = o.69 
SE ::: 0.3S SE ::: 0.39 SE : 0.13 
5.ll 5.14 4 .. 35 
3 0.49 0.55 0.51 
0.22 0.24 0.18 
4~93 4.80 3.86 
7 0.65 0.66 o.64 
0.29 0.29 0.23 
5.26 5.78 4.31 
14 o.so 0.43 0.28 
0.36 0.19 0.11 
5.20 5.78 4.31 
21 .• 0.34 0.70 0.37 
0.15 0.31 0.14 
Cortisone and DCA Discontinued 
5.23 5.85 4.99 
24 0.57 0.52 0.52 
0.26 0.23 0.20 
5.13 5.08 4 •. 71 
28 0.,14 0.$4 o.;? 
9-06 0.2.4 0.2J 
5.71 5.55 5.41 
42 1.09 0.64 0.46 
0.49 0 .. 29 0.17 
Mean of the 18 animals on 0 day: X :t 5,.68 
SD :: 0.69 
SE : 0.16 
p (.Ol 
Dosage: Cortisone ... 5 m.gm/kilo/day f or 1st week 
3 mgm/kilo/day for 2nd week 
2 mgm/kilo/day for 3rd week 
DCA w 5 mgm/animal/day for 3 weeks 
Control - 1 ml of suspending medium daily 
p w3 l....a4 
0.03 
0.41 
p .5 
....0.13 
0.44 
p .5 
0.52 
0.51 
p , .2 .3 
0.,58 
0.43 
p .2 .3 
o.63 
0.44 
p ~· .1 .2 
-0.05 
0.)1 
p .5 
-0.16 
0.71 
p .5 
cortisone-
control 
-d= 0.45 
Sd= 0.45 
p .3 .4 
...JJ.76 
0.38 
p .05~ .1 
-1.07 
0.28 
p ( • • 01 
-0.95 
0.45 
p .05 . • 1 
...0.89 
p ..... . 01 
0,.27 
-o.24 
0.41 
P > •5 
-0.42 
0.33 
p .;2 ,.3 
...0.30 
0.59 
p .• 5 
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TABLE XIa 
A STATISTICAL ANALYSIS OF CHANGES TIJ J:J!:.!:u"J CORPUSCULAR VOLUME, lviEAN CORPUSCULAR 
HEtviOGLOBIN, AND I-LEAN CORPUSCULA...11. HEJ.vlOGLOBIN CONCENTRATION 
----- ·· --- ~ - - ·· · -- ·- - · ~ . .... ---- -- . -- . . ·-- __ __. ~ . . . . - . - .. . . . .. 
Day 
0 
4 
7 
14 
21 
24 
28 
35 
Difference between Means 
DCA - Control MCV .. -:H~ . ·- MClfc-
Cortisone - Control 
--')YCV - - . . . - - ·Mcfr - --lrfC"mr-
· ·--· ·-' o __. o H -- o.- 0 .0 0 - ••• • o 0 0 0 · - · - - - - 0 o - o - · 0 --- 0 0 0 0 0 0 0 0 O o . o o - .. o • ~o 0 0 0 ~ 0 0 0 
d = -1.49 
Sd :: 9.26 
p . • 4 .• 5 
0.26 
16 .. 44 
: .5 
-1 .. 71 
15.34 
- .5 
2.57 
5.03 
.> .5 
-0.93 
5.42 
.5 
-0.96 
3.72 
) •5 
0.16 
17.83 
, .5 
0.01 
1.21 
'::> .5 
-2.43 
1.32 
"> .1 .• 2 
4.79 1.97 
2.51 1.18 
.05 . • 1 -~ .1< . • 2 
-0.51 
0.57 
_::> .5 
0.08 
11.43 
..... . 5 
0.41 
1.04 
- .5 
0.73 
0.67 
:-. .3 .• 4 
d =--1.~79 
Sd : 5.67 
p . • 5 
1.16 
. • . 16.79 
.4 _.5 
-3.50 
4.23 
~ .4 .5 
--:. .• ' .-1.74 
4.47 
, .5 
~0.53 
3. 92 
.5 
0.93 
8.86 
.5 
-1.01 
1.34 
> .4 .5 
-0.76 
0.48 
.. . 1 "' . • 2 
-1.75 
1.33 
, . • 2 ... . 3 
-0.75 
1.52 
.. 5 
-0.88 
1.89 
.5 
0.30 
1.57 
- .5 
0.77 
1.27 
,"'). .5 
0.93 
0.99 
> .3 · ..• 4 
0.45 
1.09 
y .5 
0.65 
1.60 
> .5 
-1.75 
1.12 
. · .2 .3 
-2.34 
2.94 
:> .4 .5 
:tJ.::ean of 18 animals on 0 day: }.iCV MCH MCHC 
- -----
- - -· .... ..._ --. ..... - -___. 
-- -
X:: 72.93 . 21.51 29.39 
SD = 8.74 3.40 1.77 
SE = 2.06 o.ao 0.42 
p . o.o1 o.o1 ... o.o1 
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period. ·rllien groups were compared, a significant difference henceforth 
between control and cortisone series was found on the 21st and 24th day. 
f 
Control animals appeared to maintain their plasma protein concentration 
during the term of the experiment. DCA treated animals varied somewhat 
more; early in treatment there appeared to be a loss of total protein, 
which ·later returned to control levels. No significant difference was 
noted between the control and DCA series. As was the case with antibody 
titers, one would expect an increase in the concentration of protein 
upon removal of cortisone. This did not occur, but rather a further 
decrease was seen. Changes in plasma albumin were more marked in the 
cortisone group than in either the DCA or control groups. Table XIII 
shows that the cortisone group demonstrated a 20 per cent increase in 
the amount of serum albumin per 100 ml of plasma. Control and DCA series 
tended to remain constant. Even more marked changes occurred in the lev-
els of plasma globulin (Table XIV). Whereas DCA and control groups ten-
ded to rerr~in constant, the cortisone group showed a progressive drop, 
continuing even after the cessation of treatment. The maximum drop noted 
was in the order of 40 per cent. Thus, with marked increases in albl.Uilin 
coupled with decreases in globulin, one finds a very marked increase in 
the A/G ratios of the cortisone animals. Controls showed an increase in 
the A/G ratio over the course of the experiment, whereas DCA animals ten-
ded to decrease. However, there was no statistical difference between 
the latter two groups. 
Table XVI indicates the changes observed in body weights in the three 
groups of animals. DCA and control animals gained weight during the term 
of the experiment, no significant difference being noted between the 
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TABLE XII 
THE EFFECT OF CORTISONE AND DCA ON TOTAL PLASMA PROTEIN 
----~ -- .. ~ ·-- - . - . .. · ~ - -· -- - -- ... . - ... . -- . . - · • . . - · ... . . -- ... -
Controls DCA Cortisone Difference between Means 
Day g/100 ml g/100 ml g/100 ml DCA-
5 animals 5 animals 8 animals control 
- · -- · - - 0 00 ·- O o ·- - •H , o ---" - ~ • ---~ -· -- ·- • •• ~- -- U- -- . . - -· ........ , -· . ' 
--
X::! 5.79 x= 5.84 X~ 6.09 d = o.o5 
0 SD : 0.76 SD: 0.41 SD :: 0 .. 47 sa: :: 0.49 
SE : 0 .. 34 SE = 0.18 SE: 0.16 p :> .5 
5.89 5.42 5.49 -0.47 
3 0.72 0.38 0.57 0.25 
0.32 0.17 0.20 p ':- .05 .1 
5.79 · 5.53 5.66 -0.26 
7 0.63 0.47 0.41 0.24 
0.28 0.21 0.14 p :. .3 <, .4 
5.84 5.56 5.36 ... 0.28 
14 0.76 0.29 0.38 0.25 
0.34 0.65 0.13 p .2 .3 
6.21 6.21 5.58 o.oo 
21 0.46 0.41 0.70 0.24 
0.20 0.18 0.03 p • • 5 
Cortisone and DCA. Di_s_~_ontin_u~a~ 
24 
28 
42 
6.08 
0.52 
0.23 
6.30 
0.38 
0.17 
5.83 
0.30 
0.14 
5 .. 58 
0.79 
0.39 
------ ----- · ··- - --· 
5.47 
0.49 
0.19 
5.33 
0.31 
0.12 
5.90 
0.40 
0.15 
}'lean of 18 animals on 0 day: X 0:: 5.94 
SD : 0.54 
SE :: 0.16 
p --: .01 
Dosage: Cortisone - 5 mgm/kilo/day for 1st week 
3 mgm/kilo/day for 2nd week 
2 mgm/kilo/day for 3rd week 
DCA - 5 mgm/anL~a1/day for 3 weeks 
Saline ... 1 nil/animal/day for 3 weeks 
0.22 
0.20 
p ··· ·3 .4 
p . • 5 
p . • 5 
0.14 
0.27 
-0.27 
0.53 
cortisone-
control 
. . 
. - -- --- ---
(f : 0.30 
Sd = 0.45 
p .5 
-0.40 
0.26 
p . • 5 
-0.13 
0.21 
p .5 
-0.48 
0.23 
p . • 05 .1 
-o.63 
0.26 
p • • 02 •• 05 
-o.61 
0.21 
p • • 01 ~ .02 
-0.36 
0.31 
p ~ -2 .3 
p , .5 
o.o5 
0.19 
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TABLE XIII 
THE EFFECT OF CORTISONE AND DCA ON THE PL.ASHA ALBUNIN LEVEL 
Controls DCA Cortisone Difference betv•een Means 
Day g/100 ml g/100 ml g/100 ml DCA- cortisone-
5 animals 5 animals 8 animals control controls 
~- -
x- = 2 -.72 x:: 2.99 X= 3.14 d: 0.27 d = 0.42 
0 SD-:. 0.48 SD :: 0.31 SD = 0.36 Sd = 0.32 Sd = 0.31 
SE = 0.21 SE = 0.14 SE = 0.13 p .4 ~-5 p ) .2 <...3 
2.64 2.76 3.05 0.12 o.u 
3 0.26 0.37 0.22 0.25 0.18 
0.12 0.16 0.10 p .5 p .02 .05 
2.62 2.81 3.34 0.19 0.72 
7 0.19 0.25 0.28 0.17 0.19 
0.08 0.11 0.10 p .. 2 .3 p 01 
2 .70 2.91 3.47 0.21 0.77 
14 .• Q~29 0.33 0.34 0.25 0.24 
0.13 0.15 0.12 p 
.4 <.·5 p . 01 
3.13 2.98 3.78 -o.15 0.,65 
21 0.25 0.,29 0.44 0.19 0.30 
O.,ll 0.13 0.17 p .4 .5 p ,.02 .05 
Cortisone and DCA Discontinued 
3.Q4 3.32 3.~1 ().,2$ 9.77 
24 0.46 0.39 0 .. 50 0.25 0.35 
0.23 0.17 0.19 p "' .2 3 p .· .02 .05 
2,99 2.99 3.15 o.oo 0.16 
28 . 0.26 0.26 0.44 0.21 0.29 
0.12 0.12 0.18 p .5 p , .5 
3.15 2.75 2.76 -0.40 0.39 
42 0.40 0,56 0.29 0.39 0.26 
0.18 · 0.28 o.o1 p . • 3 .4 p - .1 ,.2 
. . ·---- -~ 
" 
-
~ 
--
Mean of 18 animals on 0 day: x= 2.98 
SD = 0.29 
SE = 0.07 
p <. .01 
Dosage: Cortisone - 5 mgm/ ki1o/day for lst week 
3 mgm/kilo/day for 2nd week 
2 mgm/kilo/da.y for 3rd week 
DCA - 5 mgm/animal/day for 3 weeks 
Saline - 1 ml/animal/day for 3 weeks 
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TABLE XIV 
THE 'EFFECT OF CORTISONE AND DCA ON THE PLAS!VIA GLOBULIN LEVELS 
Controls DCA Cortisone Difference between Hea..."ls. 
Day g/100 ml g/100 ml g/100 ml 
5 animals 5 animals 8 animals 
- . . 
__ __. -- . 
x = 3.07 X: 2.85 x= 2.94 
0 SD: 0.74 SD = 0.48 SD: o.69 
S'E = 0.33 S'E : 0.22 SE : 0.24 
3.25 2.66 2.41~ 
3 0.71 0.27 o.6o 
0.32 0,01 0.21 
3.17 2.72 2.32 
7 _ .o.66 0.21 0.35 
0.30 0.09 0.12 
3.06 2.65 1.89 
14 0.58 0.28 0.36 
0.,26 0.12 0.13 
3.08 3.19 1.78 
21 0.31 0.12 0.31 
0.14 0.05 0.12 
Cortisone and DCA Discontinued 
3.04 2.98 
24 0. 21 0.27 
0 .. 14 0.05 
2.70 2.84 
28 0.37 0.27 
0.16" 0,.12 
2.70 2.83 
42 0.40 0.56 
0.18 0.28 
}'lean of the 18 animals on 0 day: .i = 2.95 
SD : 0.62 
SE = 0.15 
p -.. 01 
.., _ _ _____ ~ -
1.66 
0.19 
0.12 
2.18 
0.30 
o.11 
3.13 
o.62 
0.23 
Dosage: Cortisone - 5 mgm/kilo/day for lst week 
3 mgm/kilo/day for 2nd week 
2 mgm/kilo/day for 3rd Vleek 
DCA - 5 mgm/a.nimal/da,Y for 3 weeks 
Saline - l ml/animaljday for 3 weeks 
DCA- cortisone-
control control 
. . ' _ _.. __ __ 
-
d = 0.22 d = ...0.13 Sd-= 0;27 . s'd :: 0.54 
p 4 <-•• 5 p . 5 
-0.59 -o.81 
0.43 0.49 
p ~ .2 3 p .1 <..·2 
-0.45 -0~85 
0.39 0.37 
p .2 .3 p ;) .02 05 
-0.41 ... 1.17 
0.36 0.34 
p .2 ~ ·3 p .01 
o.u 
-1.30 
0.19 0.24 
p ./ .5 p .o1 
-0.06 
-1.30 
0.30 0. 25 
p .5 p .01 
0.14 
-0.52 
0.,26 0.25 
p .. . 5 p .05 ~ .1 
0.13 0.43 
0.39 0.42 
p .5 p , .3 ·.4 
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TABLE XV 
THE EFFECT OF CORTISONE AND DCA ON THE ALBUH!N.:.OGLOBULIN RATIO 
---~ -.... .... .. .... -·· .. .. . ·•-
,._ , _ ___ , .. ... . .. ... . 
. . - . . . ..,._-- - -- -
-- -
Controls DCA Cortisone Differenc e betr~~en Me.~~ 
A/G ratio Day A/G ratio A/G ratio DCA-
5 animals 5 animals S animals control 
---- -..- ... ..... - -- - -- -~ .. _ .. --- ... -- - -- -. .. -· .... . ..... - : ..... ~~ .. _  ·-----
X : 0.934 X :: 1.079 X ::: 1.128 d : O.lL~5 
o . SD -:. 0.296 SD : 0.252 SD '= 0.303 Sd:: 0.240 
SE = 0.,.132 SE : 0.113 SE :: 0.107 p ').5 
0.842 1.050 1.331 0.208 
3 0.178 0.204 0.306 0.152 
0.079 0.092 0.108 p .2 <.3 
o.S54 1.039 1.476 0 .. 185 
7 0.185 0.141 0.289 0.131 
0.083 0.063 0.124 p ..... 1 c...2 
0.928 1.115 1.920 0.187 
14 0.156 0.228 0.524 0.156 
0.070 O.ll9 0.185 p, .2 < .. 3 
1.020 0.934 2.178 -0-086 
21 O.ll2 0.089 0.371 0.081 
0.050 0.040 0.140 p _ . • 3 •• 4 
Cortisone and DCA Discontinued 
1.016 1.122 2.338 0.106 
24 0 .. 162 0.184 0.477 0.138 
0.022 o.o86 0.180 p _., .4 <.5 
1.125 1.064 1.490 -0.061 
28 0.176 0.158 0.408 0.133 
0.079 0.071 O.l5LJ. p .5 
1.197 0.969 0.928 -0.228 
45 0.299 0.,141 0.275 0.202 
0.134 0.070 0.103 P.> .3 .4 
---- ----- .. ----- -----
}1:ean of the 18 animals on 0 day: X = 1.061 
SD : 0.283 
SE : 0.067 
p - .01 
Dosage: Cortisone - 5 mgm/kilo/day for 1st week 
3 mgm/kilo/day for 2nd week 
2 mgm/ki1o/day for 3rd week 
DCA - 5 IDgJnj animal/day for 3 >veeks 
Saline - 1 ml/animal/day for 3 weeks 
cortisone-, 
control 
g_ = 0.194 
Sd = 0.,226 
p .4 .5 
0.489 
0.202 
p .02 .05 
I 
0.622 
0.194 
p 01 
0.:992 
0.324 
p .., .01 < .• 02 
1.158 
0.227 
p "" •01 
1.322 
0.293 
p --:.o1 
0.365 
0.257 
p ... . l .2 
-0.269 
0.219 
p ) .2 
-- -- ----
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TABLE XVI 
THE EFFECT OF CORTI SONE AND DCA ON BODY liEIGHT 
.... "" --·- -
... ___  --,.- -... ---- -----
Controls DCA Cortisone Difference between Me~~s 
Day kg kg kg DCA- cortisone-
5 anim§,ls 5 animals 8 animals control control 
- .. _- 4- -~----......... -·- - - ·- · . ...... -- ---- - ·· ·- --- - ---- .. ------- ..... -
-
-
X '= 2.651 X :: 2.704 i = 2.859 d = 0.053 
0 SD '== 0.121 SD '= 0.239 SD : 0.272 Sd ~ 0.151 
SE : 0.055 SE : 0.107 SE = 0.096 p .5 
2.623 2.846 2.95 5 0.223 
3 0.148 0.278 0.252 0.177 
o.o66 0.124 0.089 P . .2 .., •J 
2.775 2.923 2.856 0.148 
7 0.118 0.304 0.239 0.182 
0.053 0.136 0.085 p - .4 .• 5 
2.810 2.395 2.711 0.085 
14 0.068 0.320 0.203 0. 571 
0.003 0.453 0.072 p ) .5 
2 .918 2.976 2.587 0.058 
21 0.107 0.285 0.213 0.171 
0.048 0.128 0.080 p .5 
Cortisone and DCA Discontinued 
-- -- -----
2.903 3.073 2.470 
24 0.174 0.376 0.,180 
0.078 0.168 0.067 
3.006 3.134 2.537 
28 O.J24. 0.269 0.192 
0.058 0.381 0.073 
3.086 3.146 2.801 
42 0.222 0.273 0.271 
0.099 0.122 0.102 
----- -- · ···- .. ·- · ·- .. . --- . .... . - . . . . . 
lvlean of the 18 animals on 0 day: X = 2.758 
SD : 0.243 
SE = 0.057 
p .... - .. 01 
Dosage : Cortisone - 5 mgm/kilo/day f or 1st week 
3 mgm/kilo/day for 2nd i'ieek 
2 mgm/l<ilo/da;y for 3rd week 
DCA - 5 mgm/animal/day for 3 weeks 
Saline - 1 ml/animal/day for 3 weeks 
0.165 
0.2ll 
p " .4 : .5 
0.128 
0.167 
p~ .it ~J"5 
o.o6o 
0.195 
p .> .5 
d = 0.208 
sCi = 0.173 
p ' .2 ' .• 3 
0.332 
0~166 
p __. .05 .1 
0.081 
0.162 
p ' .5 
-0.099 
O.l3h 
p .4 ... ~5 
-0.331 
0.136 
p .02 .• 05 
-0.438 
0.136 
p .01 
-0.469 
0.129 
p 01 
-0.285 
0.193 
p ~ .1 .2 
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groups. The cortisone animals showed at first a slow decrease in weight, 
with a very marked decrease of 20 per cent being observed at the time of 
withdrawal, which coincided with the loss of plasma volume. 
2. The effect of DCA and cortisone on the antibody response follow-
ing a booster. 
Sixteen animals which had been immunized !rom 6 to 8 months previ- · 
ously were utilized. The animals were skin tested 2 weeks prior to admi-
nistration of cortisone or DCA, and a control bleeding of l m1 was taken 
from each animal for antibody determinations• After a 2 week interval, 
the animals were divided into groups made up of 4 controls, 4 DCA animals, 
and 8 cortisone animals. A zero day bleeding was taken, and cortisone 
and DCA were administered. The cortisone regimen was as follows .: 6 mgm 
per kilogram for the first 4 days; 3 mgm. per kgm from the 4th to 14th day; 
and 1.5 mgm per kgrn from the 14th to the 35th day. DCA was given in a 
dosage of 5 mgm per animal for the first 2 weeks, and 2.5 mgm for the 
final 3 weeks. Controls were given the suspending medium. All injec-
tions were given intramuscularly. 
Samples of 4 to 5 ml were taken at 2, 4, 7, 14, and 28 days. The 
animals were again skin tested on the 28th day and read in 24 hours. 
This "booster" dose of graded doses of o. T. and diphtheria toxoid was 
equivalent to approximately 2 Lf of 2 mgm toxoid and 2 mgm of 0. T. The 
animals were bled again on the 35th day for antibody determinations. 
Cortisone and DCA were discontinued on the 35th day, and 2 weeks post-
treatment the animals were again bled and skin tested. 
Changes in antibody titers were expressed as the percentage of ori-
ginal titer (ATU per ml) and are shown in Table XVII and Figure 2. 
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TABLE XVII 
THE EFFECT OF CORTISONE AND DCA ON CIRCULATING ANTIBODY LE\~S EXPRESSED AS 
PERCENTAGE OF OdiGINAL TITER (Units/ml) 
Day 
Controls 
% original 
4 animals 
DCA 
% original 
4 aniJnals 
Cortisone 
% original 
8 animals 
-· - --- --
Difference between Means 
DCA- ~cortisone-
control control 
- - --- -----·-----
X ·: 84.34 X : 89.91 X : 70.21 d-= 5.5? d :_14.13 
2 SD :: 8.84 SD ::: 13.18 SD '= 7.57 sCi:;; 9.43 Sd :: 6.34 
SE : 4.41 SE :: 7.61 SE :: 2.86 p >•5 p .05 .l 
83.46 87.27 50.61 3.81 -32. 85 
4 5.49 12.08 7.94 7.64 5.71 
2 .. 74 6.97 3.00 p ,. .5 p (_.01 
72.03 68.12 34.61 -3.91 -37.42 
7 9.52 ll.l5 10.72 8.92 8.13 
4.76 6.44 4.05 p , .5 p .• 01 
57.64 54.31 29 .. 25 
-3.33 - 28.39 
14 11.87 3.73 8.71 8.29 7.82 
5.93 2.16 3 .. 29 p .,I .5 p .01 
48.17 49.31 23.72 1.14 
- 24.45 
28 2.24 7.31 6.37 4.31 4.24 
1.12 4.22 2.41 P , .5 p ' .01 
.. . . -- ~ --- -- .. - -- ·· -- . - ·· · . . . .. .. . . - . .. . . -. ,. -.- --- . .. - -~ - _... .... - ~ . -- -~ _._ . .... -
All animals skin tested 
Dosage: DCA - 5 mgm/animal/day for lst 2 weeks 
2~ mgm/animal/day for last 2 >veeks 
Cort isone - 6 mgm/kilo/day fo r first 4 days 
3 mgm/kilo/day from 4th to 14th day 
1~ mgm/kilo/day from 14th to 28th day 
Cont.rols - l ml of suspendin.g medium daily 
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Results of the effect of the "booster" are shown in Tables XVIII and XIX. 
Table XX indicates the alterations in skin sensitivities. 
The results of the antibody titrations corroborate the earlier findings 
in regard to the effect of cortisone. As indicated, cortisone animals 
showed a 75 to 80 per cent drop in ATU/ml, whereas control and DCA animals 
showed a 50 per cent drop over the same period of time. ()le .. :could note 
the similarity in the curves of cortisone animals as presented in Figure 
1 and in Figure 2. At no time was there a significant difference between 
DCA and control animals. The difference in the curves of DCA and control 
series as presented in Figure 2 and those presented in Figure 1 can be 
explained in terms of the period of immunization. The curves in Figure 2 
appear to be the normal fall-away curves of animals given a booster 2 weeks 
previously, while those in Figure 1 represent anima]s which are increasing 
in titer early in immunization. No attempt was made to account for changes 
in plasma volume; all results were calculated as absolute values. 
The results of the effect of a booster are indicated in Table XVIII. 
Titers of individual animals are recorded as titers before the booster; 
they are also recorded as titers after the booster. The actual increase 
in titer was obtained by subtraction. The use of the term "potential 
increase" is based on the assumption that given a booster an animal can 
respond to a maximal titer. In the case of this experiment, the maximal 
titer observed in any one animal was 55 ATU/ml, and this figure was taken 
as a base line. The potential increase was then obtained by subtracting 
the initial titer from the potential titer (55 ATU). In this manner a 
ratio of "actual increase11 to potential increase could be obtained. This 
ratio would then represent the efficiency of response of the animal. 
0 
0 
lJ 
0 
0 
0 
Figure 2 4la 
The Effect of Cortisone and DCA on Circulating Antibody Levels 
(ATU/ml) 
·-· 
C' or.ITL OI- A7C/ j;-_P 
...._ .. [)c..-A ,, 
---· 
tOL.nX>o~~.~E" ,, •' 
' ' i 
'l- 5 + s- '" 1 
I 
~ 8 
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The data analyzed statistically showed ~hat there was no significant 
difference in antibody titer between the DCA and control groups and cor-
tisone and control groups before the booster. There was a statistically 
signi ficant increase in plasma antitoxin titer in both groups, as well as 
a significant difference between the response of the control an~ corti-
sone groups after the administration of the booster. The difference in 
.the efficiency of response to a booster was quite evident, as indicated 
by the ratio of 0.124 in the cortisone series to 0.737 and 0.500 in the 
DCA and control series, respectively. There was no significant differ-
ence between the latter two figures. Since no significant differences 
were noted between the DCA and control series, the results of the two 
groups were pooled and recalculated; these results are shown in Table XIX. 
The significance between the control and experimental groups became even 
more marked. Thus, one could say that the cortisone animals could res-
pond to a booster with an increase in antibody concentration, but that 
their actual increase was much less than the control series. Since their 
potential increase was assumed to be equal, the efficiency of response 
was much less, !•!•' 12.4 per cent efficiency response of the cortisone 
group vs. 60 per cent of the combined DCA and control groups. 
The results presented in Table XX were an attempt to correlate skin 
sensitivity as measured by graded responses to o. T. or diphtheria toxoid, 
and antibody titer as measured in ATU/ml. It can be noted that the con-
trol and DCA animals, despite a 50 per cent drop in antibody titer during 
the experiment and an increase to or near the control level after the · 
booster, showed relatively minor changes in skin sensitivities to 0. T. 
and toxoid. The cortisone animals showed a marked drop in antibody titers 
: Ill 
~ 
TABLE XVIII 
THE EFFECT OF C03.'£JS.Q~':9- P9A_9!t JJ·~~ ~.fFIQIE!IfCY_ .OJ'. _A:I~_T,I.Bpj)J. .T.I.T.~- .R;§Sf.O.N~;E . . FQbb.O.V~G: . A_ BQO~T~ . . . . . _ 
Controls (4 animals) DCA (3 animals) Cortisone (7 animals) 
·---- .... ~ ---~_, _____ - ---.. ~----- -------------- -~ ·- . ---- --
Titer Titer Actu ... Paten- R~,tio Titer Titer Actu- Paten- Ratio 
Before After al in- tial Act/ Before 1tr'ter al in- tial Act/ 
ATU/ ATU/ crease incr ... Pot. ATU/ ATU/ crease incr- Pot. 
ml ml ease*: ml ml ease~:-
- - ---.. ' .._, .. -.... ... . . ' . . --·· · . . . ... . -· '. ' .. . . ' ' . . . ....__ .. ... --· ..........._ ' '. . ' '' 
5.5 24.0 18.5 49.5 0.374 , . : 9.0 34.0 25.0 46.0 0.542 
8.5 22.0 13.5 46.5 0.290 25.0 55.0 30.0 30.0 1.000 
2.4 25.0 22.6 52.6 0.430 9.5 40.0 30.5 45.5 0.670 
2.0 50.0 48.0 53.0 0.906 
X 4.60 30.25 25.65 50.40 0.500 X 14.50 43.00 28.5 40.5 0.737 
SD 3.04 13.20 15.36 3.03 0.277 SD 9.10 10.81 3.04 9.10 0.237 
SE 1.52 6.60 7.68 1.52 0.138 SE 5.25 6.24 1.75 5.25 0.138 
Standard Error of the Difference Bet,·reen :Iviean Differences 
Titer Before 
Titer After 
Actual Increase 
Potential Incr ease 
Ratio 
Actual/Potential 
DCA-control Cortisone~ontrol 
d 
-9.90 d -1.26 
Sd 5.42 Sd 1.62 
p > •l <..·2 p ) .4 <....•5 
-12.70 -20.60 
SE 10.80 SE 7.10 
p _.,.2 ~3 p • • 01 (..02 
2.85 -19.08 
10.53 ?,.47 
p ) .5 p ... . 02 ...  05 
-9.90 -1.10 
5.43 2.62 
p ,; .1 , .2 p ) .5 
0.237 ...IJ.376 
0.230 0.136 
p ) .3 ..... _.4 p ").02 ... ,.os 
Titer Titer Actu ... Paten- Ratio 
Before After al in-. tial Act/ 
ATU/ ATU/ crease incr- Pot. 
ml ml easei.~ 
--... ~ · ' ' t --· ' ' • • _..... • • . ' ' --
3.5 
1.4 
2.5 
4.5 
2.5 
5.5 
3.5 
X. 3.34 
SD 1.37 
SE 0.52 
16.0 12.5 51.5 0.243 
3.5 2.1 53.6 0.039 
3.5 1.0 52.5 0.019 
12.0 7.5 50.5 0.148 
8.0 5.5 52.5 0.105 
13.0 7.5 49.5 0.151 
12.0 8.5 51.5 0.165 
9.71 6.3751.5"6 0.124 
4.85 3.93 3.24 o.on 
1.83 1.48 1.22 0.003 
-r~Assuming a maximum increase 
of 55 ATU/ml 
therefore 55- origi nal 
titer equals potential 
increase 
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TABLE XIX 
THE EFFECT OF CORTISONE ON THE EFFICIENCY OF ANTIBODY TITER RESPONSE FOLLOWING 
A BOOSTER 
~ ------ - --·- · - ~ - -
Controls* Cortisone 
~ _.._ & •--4 o ._ .,_l o 
Titer Titer Actual Pot en- Ratio Titer Titer Actual Pot en- Ratio 
Before After incr- tial~'* Act/ Before After incr- tial Act/ 
ATU/ml ATU/ ease ATU/ml Pot. ATU/ml ATU/ ease ATU/ml Pot. 
ml ATU/ml rnl ATU/ml 
- - --
_ ...___ ._ . ~ -
5.5 24.0 18.5 49.5 0.374 3.5 16.0 12.5 51.5 0.243 
8.5 22.0 13.5 46.5 0:&290 1.4 3.5 2.1 53.6 0.039 
2.4 25.0 22.6 52.6 0.430 2.5 3.5 1.0 52.5 0.019 
2.0 50.0 48.,0 53.0 0.9o6 4.5 12.0 7.5 50.5 0.148 
9.0 34.0 25.0 46.0 0.542 2.5 8.0 5.5 52.5 0.105 
25.0 55.0 30.0 30.0 1.,000 5.5 13.0 7.5 49.5 0.151 
9.5 40.0 30.5 45.5 0.670 3.5 12.0 8.5 51.5 0.165 
- ---- .. - - - • - - • '" ~ • - -- - -· 0 • - · - - . ... 
X 26.87 46.16 0.602 X 6.37 51.50 0.124 
SD ll.lO 7.76 0.270 SD 3.93 3 • .24 0.077 
SE 4.20 2.93 0.102 SE 1.48 1.22 o.oo3 
Standard Error of the Differences Between Mean Differences 
Actual Increase ATU/ml 
Potential Increase ATU/ml 
Ratio Actual/Potential 
*Pooling Controls and DCA animals 
. ·- · . .. . . -~ - · .. . ----- - ---
Cortisone ~ Control 
d -20.50 
Sd 6.09 
p 01 
cr 
sCI 
p .2 3 
d -0.478 
Sd 0.145 
p " •• 01 
~*Potential Increase based on 55 ATU - initial titer 
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TABLE XX 
THE EFFECT OF CORTISONE AND DCA ON THE ALLERGIC REACTIONS TO DIPHTHERIA TOXOID 
AND O. T. 
--- - - -- - --------------- - -
Contro1_s (~- animalsj_ 
Reactingpose Antibody 
Dip. O.T. Titer 
Tox. mgm ATU/ml 
Lf 
- - -- -- - -- . ... . . 
I 0.0039 
0.0156 
0.0625 
0.0039 
ctt** 
0.0151 
0.0019 
0.0078 
0.0312 
0.0019 
di~Hl-
0.0054 
0.0156 0.0039 
0.0156 0.0019 
0.1250 0.0156 
o.oo19 o.oo78 
o.o154 o.o055 
o.0078 0.0019 
0.0009 0.0019 
0.1250 0.0156 
0.0019 0.0156 
o.oo63 0.0055 
n.o 
18.0 
4.8 
4.4 
T 
9.55 
7.3 
11.5 
14.0 
16.0 
12.2 
DCA ( 4 animals ) 
ReactingPose Antibody 
Dip. O.T. Titer 
Tox. mgm ATU/ml 
Lf 
· Before Treatmen-t,. - - - - -
Cortisone (8 animals) 
Reactingpose Antibody 
Dip. O.T. Titer 
Tox. mgm ATU/ml 
Lf 
o.ooo9 o.o078 16.0 o.o625 0.0312 7.5 
0.0312 16.0 
0.0156 11.0 
o.ooo9 13.0 
0.0078 13.0 
0.0019 18.0 
0.0078 19.0 
0.0019 12.0 
o.oo65 x=13.69 
0.0019 0.0019 60.0 0.0078 
0.0039 0.0156 19.4 0.0019 
0.0039 0.0039 · 15t.O 0.0009 
Gt' ax: -x- 0.0019 
0.0023 0.0055 27.50 0.0019 
o.ooo9 
o.oo19 
Gi = 0.0026 
During Treatmep! 
0.0004 0.0009 9.0 
o.ooo9 o.o019 25.0 
0.0156 0.0312 9.5 
0.0039 0.0039 ~ 
0.0022 0.0038 13.25 
After Treatment 
0.0004 0.0009 17.0 
0.0009 0.0009 30.0 
0.0078 0.0312 25.0 
Died 
0.0014 o.0022 24.0 
1.0000* 1. 0000*· 
1. 0000*: 1.0000W· 
0.1250 0.2500 
1.0000 1.0000 
1.0000*: 1.0~ 
0.0156 0.0312 
0.0156 0.5000 
0.1250 1.0000 
0.2080 0.5000 
0.0019 0.0019 
0.0078 o.0078 
0.0009 0.0078 
0.0039 0.0039 
0.0019 0.0019 
0.0009 o.ooo9 
0.0002 0.0039 
0.0039 0.0039 
o.oo19 o.oo32 
3.5 
1.4 
2.5 
4.5 
2.5 
5.5 
3.5 
4.5 
3.49 
16.0 
4.3 
3.5 
10.0 
5.4 
7.6 
11.0 
8.5 
8.28 
*No reaction with l mgm o. T. or 1 Lf toxoid 
~ 
~~Q!_ = geometric mean 
X : arithmetic mean 
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during therapy, an increase in titer after cessation of the hormone and 
booster dose; yet the skin sensitivit y to the injected antigens was mar-
kedly decreased, or abolished (3 cases), during the period of therapy, 
but returned to or near control levels after cessation of the hormone. 
It thus appears as though circulating titers do not parallel skin sensi-
tivity, and cortisone shows an additional effect of blocking skin reac-
tivity and depressing antibody levels. 
/ 
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DISCUSSION 
The literature is replete with contradictions concerning the role of 
the adrenal cortex or its hormones in the maintenance of antibody levels 
and on skin sensitivity {both delayed and immediate types). Various 
investigators have reported increases, decreases, or no changes in circu-
lating antibody levels, utilizing diff erent species of animals and differ-
ent preparations of hormones, namely, ACE, DCA, cortisone, and ACTH. With 
the exception of the studies by Germuth (59), Bjorneboe {10), and Eisen 
(45), who used quantitative methods of measuring antibody nitrogen, the 
majority of workers utilized semi-quantitative techniques such as serial 
dil utions which inherently have a 100 per cent error. In the present 
work an immunological system, diphtheria toxin-antitoxin, was used. This 
system is an excellent one for the study of antibody, and was chosen (1) 
because the antigen, diphtheria texoid, could be obtained in a high state 
of purity (95 per cent) and has been well characterized physically and 
immunochemically, (2) because it induces an antibody response which can 
l;>e measured with great accuracy even at levels as low as 0.01 micrograms 
of antibody by the rabbit intracutaneous test, and (3) because it will, 
when incorporated into an adjuvant, intensify the response, particularly 
in regards to skin sensitivity. This investigation also differs from 
the three mentioned in that th-e results are considered in terms of total 
circulating antibody as well as antibody concentration p~r ml, thus tak~ 
ing into consideration the physiological changes that occur in blood vol-
ume during the experimental period, due either to bleeding, the hormones 
administered, or both. 
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The observations of Courtice and Gunton (26) on changes in plasma 
volume in the rabbit following hemorrhage bear a direct relationship to 
the present problem. These workers found that when an animal was bled 
severely it responded within 2 hours with a hemodilution which overcom-
pensated for the plasma lost. By the end of 24 hours the animal had 
responded with a 20 per cent increase in plasma volume over the control 
level. Thus, rabbits, unlike many mammals, tend to hemodilute very rap-
idly-in fact, overcompensate--and maintain this increased volume for a 
period of time. The known effect of DCA in retention of sodiwn, and 
therefore of water, as well as the findings that cortisone when admi-
nistered may show water retaining propert ies, and the findings of 
Courtice led us to take into consideration increases in plasma volume. 
Thus it was necessary to express results in terms of total circulating 
antibody as well as in concentration per ml. 
The determination of plasma volume was carried out in only one 
experiment , namely, when cortisone or DCA was administered early in immu-
nization. The eff ects of multiple small bleedings on the plasma volume 
of the control and DCA animals was very striking. These animals showed 
an increase of 45 per cent (expressed as ml per kgm and based on initial 
body weight). This increase was highest during the first week, but tended 
to level off in subsequent weeks when bleeding was less frequent, so that 
an over~all 20 per cent increase in plasma volume was in evidence. One 
can not rule out t he possibility of endogenous adrenal cortical activity 
even though a period of training was carried out prior to experimentation. 
This endogenous cortical activity may account in part for the sudden 
increase of 45 per cent evidenced by the 3rd day. At the 3rd week, when 
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bleedings again ~ere carried out at short intervals, there was practically 
no increase in plasma volume in control and DCA treated animals. It is 
enti rely possible that the animals had adjusted themselves to the stress 
of bleeding. Further participation of the adrenal cortex in problems of 
blood voluroE in intact animals was also presented by Courtice and Gunton 
(26), who found that nembutal anesthesia (which may act to depress adre-
nal cortical activity) markedly decreased the hemodilution in rabbits, 
although this may not be due to the effect on the adrenal alone. 
It was quite surprisir1g to find that the DCA animals tended to act 
like the controls, rather than to show a hemodilution. Actually, no sig-
nificru1t difference in the plasma volumes between DCA and control animals 
occurred. Rakoff et al (129) have reported that intact rabbits show an 
atypical response to DCA in that no hemodilution occurs, and further that 
DCA would not maintain adrenalectomized rabbits (132). 
The .cortisone animals showed a marked increase in plasma volume; in 
fact, i f one subtracted the 20 per cent increase found in control animals, 
there still remained an additional 45 per cent increase. ~his excess 
water was quickly lost when therapy was discontinued, and at this time no 
significant difference between control and cortisone groups could be found . 
This diuresis was also paralleled by a marked drop in body weight and an 
increase in hematocrit, hemoglobin concentration, and red cell count. 
The evidence that hemodilution rather than loss of erythrocytes could 
account for the increase in plasma volume was showr1 by the studies in red 
cell volumes. It is apparent that the cortisone animals tended to keep 
their red cell volumes const~~t throughout the experimental period. It 
is noteworthy that the control and DCA animals increased their red cell 
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voluraes, an increase which became manifest after the first bleeding. The 
increase may have been due to splenic contracture and to increased hemo-
poiesis. The cortisone animals did not seem able to respond in this man-
ner, suggesting that the hemopoietic mechanisms were operating at a slower 
rate. That the individual cells were normal was seen from the NCV, MCH, 
and MCHC calculations. There were no marked changes in these values in 
either cortisone, DCA, or control groups. The erythrocytes that were being 
produced by the cortisone animal were normal in character, and the animal 
undoubtedly suffered from an anemia of dilution. 
The studies in plasma proteins shed some evidence on the metabolic 
~ctivities of the animals. Total protein concentration in all three groups 
remained fairly constant throughout the term of the experiment. The cor-
tisone animals did tend to lose plasma protein, a loss which becomes sig-
nificant by the third week of therapy. The DCA animals show-ed a drop in 
total plasma protein, which, however, was not significantly different 
from that of the controls. The most significant changes occurred in the 
plasma albumin and plasma globulin concentrations. After a slight drop 
in albumin concentrat,ion, the control and DCA animals showed a return to 
control or greater than control values. The cortisone animals showed a 
20 per cent increase in plasma albumin levels and a 40 per cent decrease 
in serum globulin. There was no significant difference between the values 
obtained for the control and DCA groups, which tended to increase or 
remain the same. The increase in albwnin concentration coupled with the 
decrease in plasma globulin concentration, observed in the cortisone ani-
mals, markedly affected the A/G ratio which actually doubled. It must be 
noted that the values were expressed as grams per 100 rnl of plasma, and 
48 
therefore did not take into account changes in plasma volume, \ihich would 
tend to nullify the decrease in plasma protein, a~ntuate the increase in 
plasma albumin, and increase the serum globulin concentration observed in 
the cortisone animals. The increase in albumin concentration may have been 
an at.t empt on t he part of the animals to compensate for the changes in 
osmotic pressure due to hemodilution. However, since such marked changes 
'did not occur in the control or DCA series, one must infer that a direct 
effect on protein metabolism had taken place, an effect which allowed the 
accentuation of albumin production and an even more marked decrease in glo-
bulin production. 
It is well documented that cortisone, especially in large doses , has 
marked eff ects on protein metabolism in human beings and animals. Studies 
on patients have repeatedly shown that large doses of cortisone produce a 
negative nitrogen balance, and furth er that in animals it is capable of 
inhibiti ng growth, probably as a consequence of its catabolic or anti-
anabolic eff ect on protein metabolism. Cortisone or ACTH are capable of 
correcting abnormal concentr ation of plasma proteins in patients w-ith col-
lagen diseases, !·~·' elevated levels of serum globulin and depressed val-
ues of albumin change to normal (153). Further, Bongiovanni (15) has 
no t ed t hat the administration of ACTH to patients with various types of 
cirr hosis of the liver resulted in a fall in the concentration of globu-
lin!ll and a rise in that of albumin and a fall in total protein. Smith 
(15~ in an electrophoretic study of sera from tuberculous patients, showed 
that under ACTH therapy there was a marked increase in the albumin fraction, 
a decrease in the gamma globulin component, with a definite increase in 
the A/G ratio, which reverted to normal after cessation of treatment. 
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The present study shows that a reduction in circulating antibody 
occurs (calculated as ATU/ml or as total ATU and expressed as the percen-
tage of the. or~ginal) with the administration of cortisone but not with 
DCA. The results are identical whether the cortisone be administered 
early in immunization or during the period of antibody decline. The 
results expressed as total antibody show a 60 per cent drop over a per-
iod of 3 weeks when cortisone is administered early in imw1njzation. 
During this period the control and DCA animals are increasing both in 
titer and in total antibody, reaching a maximum by the 21st to 28th day 
and then passing over into the phase of antibody decline. When corti-
sone was administered late in immunization, there was a 75 per cent drop 
in antibody titer. This latter figure is expressed, however, in terms 
of ATU/ml, and would correspond to the 80 per cent drop found when cor-
tisone was administered early in immunization. 
Several interesting speculations can be based on the results expressed 
in figures l and 2. Results have been expressed in ter.ms of concentration 
per ml and total antibody content in Figure 1. One may note that when 
the antibody decline curves of the cortisone treated animals are plotted 
as concentration per ml they present a rapid initial drop followed after 
7 days by a slower logarithmic decrease of antibody. However, when 
plotted in terms of total circulating antibody the disappearance approxi-
mates a uniform logarithmic rate throughout the time of cortisone treat-
ment. When comparing the two curves, it is apparent that the rates of 
decline of the two curves are apparently equal following the 7th day. 
This suggests that the discrepancy in the first week is caused by dilution; 
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the dilution bei ng maintained throughout the course of the experiment up 
until the time hormone was discontinued. 
It has been generally assumed that serum protein undergoing metabolic 
degradation without continuing synthesis should disappear at a constant 
logarithmic rate. These conditions should be ideally satisfied w~en homo-
logous proteins are passively transferred to animals. Neverthel ess, rec-
ent experiments with antibody and isotopically tagged proteins have not 
given unif orm logarithmic decreases. Neither Heidelberger (72) and Fischel 
(50), who studied the passive transfer of rabbit anti-pneumococcus antibody 
-
in the rabbit, nor Germuth (5,), who studied anti~egg albumin antibody in 
the rabbit, found a uniforrrl rate of disappearance but rather a rapid ini-
tial removal with a progressively slower disappearance. These workers, 
basing their results on the determination of circulating titers and not 
total antibody, have concluded that the half-life of passively transferred 
antibody is from 4 to 6 days. The curves presented here expressed as con-
centration are nearly identical with the curves presented by these authors, 
and a half-life of 6 days was calculated. However, when the present res-
ttits are expressed as total antibody, thus taking into account hemodilu-
tion, the curve is a straight line function which continues during the 
period of cortisone administration and from which a half-life of 18 days 
can be calculated. 
Germuth (59) and Fischel (50) found an unaltered rate of disappearance 
of passively injected antibody globulin conc entrat i on from the circulation 
of corti sone-treated rabbits when compared to control animals, and conclu-
ded that cortisone inhibits the synt hesis of antibody globulin, since no 
evidence for acc elerated catabolism was found. The data presented here 
also suggest an inhibition of antibody synthesis, which is evident from 
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the onset of administration of the hormone. Evidence that the mechanism 
is not completely blocked will be indicated in later discussion. 
When comparing the curve of total antibody with that of ATU/ml, one 
can note a considerable diff erence at the point where cortisone was dis-
continued. One would have expected, with the cessation of therapy, an 
increased concentration of antibody per ml which should have coincided 
with the diuresis that occurred. That this did not occur, and further 
that an additional drop in antibody concentration was evident, brings 
about further speculation. It appears that there are three possibilities 
to account for this further decrease& (l) a residual hormone activity, 
which can suppress protein synthesis but which can no longer regulate 
t he wat er retaining mechanism of the kidney-tubular cells; (2) since the 
animal is undoubtedly in negative nitrogen balance while under treatment 
with cortisone, when the hormone is withdra\'l!l the animal attempts to go 
back into positive nitrogen balance by the manufacture of tissue protein 
and on doing so utilizes the most easily available source, plasma protein; 
and (3) a loss of protein material through the kidney. It will be noted 
that paralleling the loss of antibody protein there is a concomitant 
decrease of total plasma protein and plasma globulin. McLean (lll), in 
his studies on experimental glomerulonephritis in rabbits, noted that 
cortisone per ~ caused renal glomerular damage consist ing of dilation of 
individual capillar,r groups and the formation of protein coagula within 
such dilated capillaries. He further stated that proteinuria occurred 
in all cortisone animals which exhibited the glomerular changes. Rich 
(134) also observed severe glomerular damage with hemorrhage. Thus it is 
entirely possible that throughout the term of the experiment there was 
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protein loss through the kidney of which we were ignorant and which may 
account for the decrease noted at the time of hormone cessation. It 
would have been of interest to have examined the urine for protein during 
the course of the experiment. 
Further results of the experiment dealing with cortisone administered 
early in immunization are the increased antibody levels found one week 
after cessati on of therapy. It can be noted that an immediate rise occurs, 
indicating that antibody synthesis has begun to operate again, so that by 
the terminat ion of the experiment there has been an increase of approxi-
mately 30 per cent calculated from the 24th day. In contrast to this 
increase, the control and DCA treated animals were on the decline. These 
results suggest that the antigen persisted in the tissues during the per-
iod of inhibition of antibody synthesis. 
That antibody synthesis was not completely inhibited was suggested 
by the experiment in which a booster dose of antigen was given to the ani-
mals while under therapy. That the cortisone animals responded with a 
boost in titer is quite evident from the data. That this increase in 
tit er was significantly different from that of the controls is also evi-
dent. However, it was desirable to get a better index of response; ther68 
fore, calculat ions were made in terms of a maximal response. It would 
have been desirable to use a mean value for the maximal response, but no 
such data were available. Rather than perform an additional experiment 
in which animals were immunized and allowed to proceed through the period 
of rapid antibody synthesis and decline and then given a booster and mea-
sured for the maximal response from which one could obtain a mean and 
standard deviation, we have arbitrarily chosen 55 ATU as the maximal 
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antibody response to a booster. This figure, rather than a lower one was 
chosen because it was the highest titer. observed in any of the animals. 
Utilizing 55 ATU as the maximal response, it was assumed that potentially 
all animals were equal in attaining this titer. If one took the ratio 
of actual response to potential response, it would yield an index of effi-
ciency of response. Thus, the control and DCA groups when combined gave 
an efficiency response of 60 per cent, whereas the cortisone group gave a 
response of 12.4 per cent, the difference being highly significant. If a 
lower fih~e for maximal response were used, an even higher degree of 
significance would have been obtained. 
The results show that the cortisone animal can respond to a booster 
by tripling his titer, whereas controls show an average tenfold change. 
However, as already noted, the control animal can respond much more effi-
ciently than the cortisone animal. This implies that there is an inhibi-
tion, though not complete suppression, of the antibody synthesizing mecha-
nism under the experimental conditions presented. 
The use of serial dilutions of o. T. and diphtheria toxoid, and the 
notation of the blank-out point rather than measurement of the size of 
erythema and induration to a given dose of antigen, allowed a more quanti-
tative measure of skin sensitivity. On examining the individual control 
or DCA animal's diphtheria antitoxin titer and its corresponding skin sen-
sitivity to the toxoid one can note the absence of correlation between 
the two. Thus an animal with a high titer may show a low or high degree 
of sensitivity, and an animal with low titer may show a high or low degree 
of reaction. One may note that even though there was a mean drop of 50 
per cent in antibody titer, the geometric mean of the reacting dose 
remained relatively unchanged. Further, it is noticed that following a 
booster, with the subsequent rise in titer to or above the control base 
level, only minor changes in skin sensitivity occurred. Since the skin 
testing material was prepared by serial dilution, a 1 or 2 tube differ-
ence is well within the realm of experimental error. 
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There appears to be no correlation between skin sensitivity and cir-
culatjng antibody titer in the cortisone group before and after, but not 
during, treatment. D~ing treatment there was a marked decrease (seven-
fold) or abolition of the skin sensitivity, as well as a marked drop in 
circulating antibody. With the exception of three anjmals, in which there 
was a complete suppression of the reaction, all reacted to at least the 
greatest strength of o. T. and toxoid used. The correlation between sen-
sitivity and circulating antibody titer appears to be ver,y significant 
during treatment; however, it is not a true correlation,for cortisone is 
known to suppress sensitivity reactions of the delayed type. Further evi-
dence for suppression is the return of sensitivity to control levels when 
the animals were retested 3 weeks after cessation of therapy. One may 
argue that an increase in skin sensitivity was due to the booster injec-
tion of toxoid given during the course of the experiment; however, this 
would not account for the increase to control values of the o. T. reactions, 
for i t is known that o. T. is non-sensitizing. It is also noted, in some 
cases, even though skin sensitivity returned to control levels the diph-
theria antitoxic titer remained low. Further, the experiments of Favour 
(102) showed that if tuberculin positive patients under cortisone therapy 
were skin tested the reactions were diminished or abolished, but rebound 
reactions occurr ed follow~ng treatment. This would indicate that tissue 
holding of tuberculin continues throughout horrr~ne treatment, and with 
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the reactivation of the tissue a reaction occurs. Thus the evidence points 
to suppression of the 11delayed type" of reaction per !!_, which is indepen-
dent of the serum antibody level, in contract to the Arthus reaction (59). 
Our results, utilizing a different imnunological system, tend to con-
firm those of Freund and Opie (54) and Bak·:lr (4), who found no correlation 
between tuberculin-complement fixing antiblldies and skin sensitivity to 
tuberculin. Further, we have confirmed th·~ results of others ( 69, 102, 
123), regarding the suppression of the delayed type of skin reaction, hav-
ing found a 6 to 7-fold decrease in sensit: ~vity to diphtheria toxoid and 
o. T. which returned to the control level 1~on cessation of therapy. DCA 
did not seem to have any effect on the skbt sensitivity reactions. 
That antibody production in rabbits has been lowered by cortisone, and 
to a lesser degree by ACTH, has been shown by the quantitative studies of 
Germuth (59) and Bjorneboe (10) and that rE~ported here. The results of 
workers using semiquantitative techniques jndicate a depression of skin 
sensitivities of the delayed type without any changes in antibody (79, 114, 
123). Germuth has shown that cortisone or ACTH can inhibit the Arthus 
phenomena only if' the hormones are adndnistered during the period of sen-
sitization. This inhibition occurs only if antibody levels are suppressed 
below a certain level. Thus the inhibition of the Arthus phenemena is 
due primarily to a suppression of antibodies. The present work has shown 
that no correlation exists between the level of circulating antibody and 
skin sensitivity, and the effects observed .3.re two separate phenomena. 
Long and Favour (102) could not find any co:rrelation between the drop in 
gamma globulin and the alteration of the skLn reaction to 0. T. or beta 
hemolytic streptococcal vaccine. 
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The failure to prevent the Arthus phenomena (when antibody levels are 
above 40 )J. gm of antibody nitrogen per ml (59)), or the prevention of the 
passive Arthus phenomena (48), or active Oj~ passive anaphylactic shock 
(48, 95) in !.!Y£ or in vitro, or the Prausnit z-K-3.stner response (159) 
appears to rule out the second postulated nffect of adrenal cortical hor-
manes. 
There is increasing evidence that cortisone alters the inflammatory 
reaction of tissues (83), not only to bacterial products (153) but also 
to chemically induced inflammation (153). These findings provide strong 
evidence for the third hypothesis by indicc:,ting that adrenal hormones 
limit the local tissue reaction secondary t.o primary cell injury. Thus, 
in the eye as well as in the skin, cortisor1e and ACTH are capable of 
blocking the inflammation and exudation secondary to anaphylactic ·and 
allergic reactions (59, 174). Further, if injected locally or parenter-
ally, cortisone can block the inflammatory response of the eye due to 
chend cal irritants (174). 
It is relevant and useful to point out some related information about 
the delayed type of reaction of which the tuberculin reaction is the 
prime example. The key to the delayed type tuberculin reaction is the 
leukocyte, and more specifically the lymphocyte. In tissue culture (136), 
by passive transfer (23, 97, 154), and by direct study in mobile cell sys-
tems (113) tuberculin has a specific cytotoxic effect upon lymphocytes 
(113). It is also the lymphoc;.yte which is iJnmediately vulnerable to 
cortisone and ACTH treatment, and thought t~ be most concerned with the 
tuberculin effect (23, 154). 
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Histologically, the tuberculin reaction is characterized by a cellular 
lymphocytic infiltration. Under the influeace of cortisone or ACTH it has 
been shown conclusively ths.t there is a marl<:ed lymphopenia, both local and 
general (140). One can speculate that the 3Uppression or abolition of 
the tuberculin reaction in sensitive animal::> undergoing cortisone therapy 
may be due, in part, to the lack of influx 1)f lyn1phocytes, so that the 
"lymphocytic factor" necessary for the devel opment of the tuberculin reac-
tion would be absent. Thus, the rebound ph,momenon that has been observed 
(102, 168) may conceivably represent the ret urn of sensitized lymphocytes 
into the area. 
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SUNMARY 
1. The effects of cortisone and DCA on circulating antibody levels and 
skin sensitivity in rabbits which had been immunized and sensitized with 
purified diphtheria toxoid were studied using a quantitative immunological 
technique. 
2. When cortisone or DCA was administered early in immunization, cor-
tisone caused a 60 per cent decrease in total circulating antibody, or a 75 
per cent drop in titer calculat ed as ATU/ml; DCA was without effect. 
J. When cortisone or DCA was administered late in immunization, cor-
tisone caused a 75 per cent decrease in antibody titer calculated ae ATU/ml; 
DCA was without effect. 
4. DCA and control animals can respond to a booster dose of antigen 
with an efficiency of 60 per cent, whereas cortisone animals show an effi-
ciency of 12.4 per cent. 
5. There was no apparent relation between plasma antibody levels mea-
sured in ATU/ml and skin sensitivity measured by reactions to graded dilu~ 
tions of diphtheria toxoid., 
6. Cortisone caused a decrease in skin sensitivity to o. T. and diph-
theria toxoid corresponding to a seven-fold increase in the minimal react-
ing dose, which returned to control levels after cessation of therapy. DCA 
was without effect. 
7. Factors concerned uith interpretati on of the data are discuss ed with 
reference to the effect of cortisone and DCA on blood volume, lymphoid tissue, 
and protein metabolism. 
iii 
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ABSTRACT 
The purpose of this investigation was to study the action of the two 
adrenal steroids desoxycorticosterone (DCA) and 11-dehydro-17-hydroxycorti-
costerone (cortisone) upon_ certain immunological responses to diphtheria 
toxoid in the rabbit. The responses studied were: (1) the effect of the 
hormones on circulating antibody when administered early and late in immu-
nization; (2) the effect of these agents on the booster response to diph-
theria toxoid; (3) a study of the relationship of skin-sensitivity, of 
the delayed tuberculin type, to antibody titer and the effects of these 
honnones on such relationships. 
A survey of the literature reveals a great many contradictory reports 
concerning the role of the adrenal cortex or its products on the mainten-
ance of antibody levels and upon skin-sensitivity. Various investigators, 
utilizing different species of animals, different hormonal preparations, 
and different dosages, have reported increases, decreases, or no effects 
on circulat.ing antibody levels and skin-sensit ivity. Moreover, with few 
exceptions, the majority of workers has utilized semi-quP~titative tech-
niques, ·vmich usually have an inherent error of 100 per cent. 
In the present work the diphtheria toxin-antitoxin system was used. 
This system is excellent for the study of antibody and was chosen because: 
(1) the antigen, diphtheria toxoid, could be obtained in a high state of 
purity (95 per cent); (2) it induces an an~ibody response which can be 
' 
measured in concentrations as low as 0.01 micrograms of antibody nitrogen 
by .the rabbit intracutaneous test; and, (3) because it will, when incor-
porated into an adjuvant, intensify the antibody response, particularly 
in regard to skin sensitivity. 
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Rabbits were immunized intracutaneously with purified diphtheria toxoid 
incorporated into an adjuvru~t mixture along with heat-killed tubercle bac-
illi. The period of immunization varied between two and six months, depend-
ing upon the stage of antibody production desired. All animals immunized 
in this manner developed delayed type of skin sensitivity to both old tuber-
culin (0. T.) and diphtheria toxoid. Changes in antibody titer were deter-
mined by the in vitro technique of Fraser and carried out in rabbits (Proc. 
Royal Soc., Can., ~: 175, 1931). Skin sensitivities were tested with 
purified diphtheria toxoid or o. T. in graded dilutions ranging from 0.0001 
mgm to 1.0 mgm of o. T. or 0.0001 Lf to 1.0 Lf of toxid. Plasma proteins 
were determined utilizing the biuret methods of Wolfson et al (Am. J. Clin. 
Path., 18: 723, 1948). Blood volumes were determined by modifications of 
the methods described by Kelly et al (J. Clin. Invest., 27: 795, 1948) and 
Reid and Orr (ibid, 29: 313, 1950), and adapted for use in rabbits. Hemo-
globin concentrations, red cell volumes, and red cell counts were carried 
out utilizing the accepted techniques. 
In general, the animals, which had been previously immunized, were 
skin tested. An additional week or two was allowed to elapse before cor-
tisone or DCA was given. During this week, the animals were subjected to 
preliminary training, such as daily handling, weighing, mock bleedings, 
and injections, in an attempt to minimize the eff ects of endogenous adre-
nal cortical activity. Control bleedings were taken from all animals on 
the same day that adrenal compounds were administered. The animlls were 
then divided into three random groups, cortisone, DCA, and controls. In 
all cases bleedings were from the marginal ear veins, and were taken at 
various intervals during the experiment. No more than 4 ml of blood were 
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hematocrit, plasma proteins, erythrocyte counts, body weights, and antibody 
concentration were carried out. Cortisone, DCA, or saline vehicle was then 
adniUlistered to the animals. Further samples were taken at 3, ?, 14, and 
21 days. The hormones were withdrawn and recovery samples were taken at 
the 24th, 28th, and 42nd day. The results of the experiments performed 
with radioactively tagged red cells showed that bleeding alone could cause 
an increase of about 45 per cent in plasma volume expres sed as ml per kgm 
of initial body weight. In the control and DCA animals this increase was 
maintained when bleedings were at short intervals, !·~·' 3 days. If a 
a week was all owed between bleedings, the plasma volume tended to revert 
towards normal; however, it remained at 20 per cent greater than normal 
level. Cortisone animals showed,. in addition to the 45 per cent increase, 
another 20 per cent which tended to be maintained during the period of 
cortisone administ ration. Within three days follo~ing the withdrawal of 
cortisone, a marked diuresis occurred. With the findLl'lg of increased 
plasma volume, antibody levels were calculated in terms of total antibody 
as well as antibody per ml of plasma. There was a maximum increase of 84 
per cent in tot al antibody level in the control series. The DCA series 
shov1ed a maximum increase of 28 per cent; however, this difference was not 
statistically significant. From the seventh day until about the 28th day 
there was a significant diff erence between cortisone and control animals . 
The cortisone animals showed a maximum drop of 60 per cent while under 
treatment. Another 20 per cent decrease was observed three days after 
cortisone was discontinued. Cortisone animals showed an increase of total 
antibody from the 24th to the 42nd day, at which time the control and DCA 
animals were decre~sing in titer. 
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Ancillary studies showed the following: (1) there was no increase in 
red cell volwne in the cortisone series, whereas the DCA and control series 
showed a 13 per cent increase; (2) control and DCA animals showed a 3 to 5 
per cent decrease in hemoglobin concentrations and erythroc~rte counts over 
21 days of treatment, whereas cortisone animals showed a 25 to 30 per cent 
drop; (3) cortisone-treated animals showed an increase of 20 per cent in 
albumin concentration, and a decrease of 40 per cent in globulin concen-
tration; (4) cortisone animals showed a marked decrease in weight, a 20 
per cent decrease being observed at the time of hormone withdrawal, which 
coincided with the loss of plasma volume. 
In a final experiment, the relationship between antibody titer and 
skin-sensitivity was studied. Also included was a study on the effect of 
DCA and cortisone on the antibody response following a booster. Sixteen 
animals which had been immunized from six to eight months previously were 
utilized. The animals were skin tested two weeks prior to administration 
of cortisone or DCA and a control bleeding was taken from each animal for 
antibody determinations. A zero day bleeding was taken and the hormones 
administered and continued for 35 days. Blood samples for antibody titra-
tions were taken 2, 4, 7, 14, and 28 days after onset of administration. 
The animals were retested on the 28th day. This 11booster 11 dose of o. T. 
and toxoid was equivalent to 2 Lf of toxoid and 2 mgm of o. T. The ani-
mals were bled again on the 35th day for antibody determinations. The 
animals were re-ski..rl tested two weeks after treatment. Results of antibody 
titers corroborated earlier findings that cortisone animals shmi a 75 to 
80 per cent drop in antibody expressed as ATU/ml, whereas control and DCA 
animals show a 50 per cent drop over the same period of time. 
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The data analyzed statistically showed that there was no significant 
difference in antibody titer between the DCA and control groups and corti-
sone and control groups before the booster. There was a statistically 
significant increase in plasma antitoY~ titer in both groups, as well as 
a significant difference between the responses of the test and control 
groups after the administration of the booster. The efficiency response 
of the cortisone group ~as 12.4 per cent vs. the 60 per cent for the pooled 
DCA and control groups. 
There appeared to be no correlation between antibody titer and skin 
sensitivity. Despite a 50 per cent drop in antibody titer of the DCA. and 
control groups during the experiment and an increase to or near the con-
trol level a:ter the booster, there were relatively minor changes in the 
skin sensitivity to 0. T. and toxoid. Cortisone animals showed the addi-
tional effect of blocking skin sensitivity as well as depressing antibody 
levels, skin sensitivity returning to the control levels after cessation 
of the hormone. 
The data confirm reports of depression of circulating antibody titers 
and skin sensitivities of the delayed type. Evidence is presented to show 
that despite a marked depression of the antibody synthesizing mechanism, 
the animal can respond to booster doses of antigen. The ancillary studies 
on blood volume permit one to evaluate the effects of plasma dilution on 
the apparent antibody titers. Factors concerned with the interpretation 
of the data are discussed with referenc e to the effect of cortisone and 
DCA on lymphoid tissue and protein metabolism. 
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